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RIECUTIVE SUMMARY
FIRST FCLLOVUP MORBIDITY STUDY

The Air Force Health Study is an spidamiological study conducted to
determine vhether adverse hoalth effects exist and can be attributed o occu-
pational exposure to Herbicide Orange. The study consists of mortality and
mocbidity components, based on a matched cohcrt design in a nonconcurrent
prospactive setting vith fcllovup studies. The Baseline study vas conducted
in 1982, and the first fcllowup morbidity study vas performed in 1985. The
purpose of this report is to prasent the results of the first frllowup study.

In the Baseline mcrbidity study, each living Ranch Hend vaa matched to
the first living and complisnt member of a randoaly selected Comparison
mortality szet based on age, race, and military occupatiem, producing azn
approximate 1:1 contrast. The Comparisons had served im tiuserous flying
organizations that transportad cargo to, from, and vithin Vietnam but vere
not involved in the aerial spray operations of Herbicide Orange. Recruitment
for the first follovup vas in accordance vith the Study Protocol: All pre-
vious participints and refusals, nevly located study members, and replace-
ments (matched to noncompliant Comparisons on sealf-perception of health) were
invited. Of the living Baseline study participants, 99.2 percent vere
contacted to enroll in the followup on a strictly voluntary basis. Partici-
pation wvas very high, vith 93 pu-zent of both the Ranch Hands and the Com-
parisons fully compliant at Baseline also participatiag in the followup.
Overall, the 2,309 followup participants (1,0i6 Ranch Rands and 1,493 Com-
periscns) represented a loss to the study of 159 individuals but a gain of
199 nev participants since Baseline. Statistical analyses of salection and
participation bias supported the use of the total Comparison group for the
2ain analyses presented in this report.

Sciance Applications International Corporation, in conjunction vith the
Scripps Clinic and Research Foundation and the Nati nal Opinion kesearch
Center. Host of the data vare collected through face-to-Isce intervievs and
physical examinations conducted at the Scripps Clinic in la Jolla,

California. Other data sources included medical and military records and the
1932 Baseline data bdase. As a contract vequirement, &ll data collecticn
persocrnirizl vere blind to axposure status, snd all phases of the study vere
monitored by stringent quality control. The statistical analyses vere based
ocn analysis of varlance and covariance, chi-square tests, Fisher’s exact
tests, general linear models, Kolmogorov-Samirnov tests, logistic regression,

The follovup study vas conducted under contract to the Air Porce by 1

r 4

proportional odds models, .-tosts, and log-linea: models. fzs___iiF’
The questionnaire and phyrical examinatiun data vere analyzed by major a
organ system. The priasry focuz vas on the assessment of differences betveend a

the Ranch Hand and Comparison groups based on data from the first followup. lon _____
Additionally, dose-response relationships within the Ranch Hand group vere
exzained, and longitudinal assessments of differences in the clianges of the
tvo groups betveen the examinaticns were conducted for selected variablaes. n/
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In teras of general healtn, Ranch Uand enlisted groundcrew rated their
health as tair or poor more frequently than their enlisted Comparisons;
diffarences were not observed for the enlisted fl:ers or the officers.
Physi‘cian examiners detected no differences for appearance of illness or
distress or for the appearance of relative age. The Ranch Hands had sig-
nificuntly lower percent btody fat. They also had a higher proportion of
sedisentation rate abnormalities than the Comparisons, but mean sedimentation
rates vere not statistically different between the two groups.

No significant differences betveen the Ranch Hand and Comparison groups
vere seen in the 1982-1985 interval for skin or systemic cancers. However,
vhen overall lifetime basal cell carcinoma rates vere adjusted for risk fac-
tors involved in the cause of such can:ers (e.g., sun exposure, skin color,
skin reaction to sun), Ranch Hands had a significantly higher proportion of
basal cell carcinoma than Comparisons. No girup differences were observed
for systemic cancer, although two cases of possible dioxin-related cancer
vere noted in Ranch Hands, bringing the lifetime total to two of these
cancers in each group. Overall, the cancer findings were not viewed as
disturbing but as reason for continued medical surveillance.

The neurological assessment of cranial nerve function, peripheral nerve
function, and central nervous system nocrdinstion did not reveal any consis-
tently significant group differences, although abnormalities tended to aggre-
gate in the Ranch Hands. The Babinski reflex (found adverse in the Ranch
Hands at the 1982 Baseline examination) vas equal in both groups at the 1985
fcllowup. Age, alcohol, and diabetes shoved classical effec:s with many
neurological measures.

In the psychclogical evaluation based on the Minnesota Multiphasic
Personality Inventory, the Comparisons had significantly more abnormalities
for the denial and masculinity/femininity scales, vhereas the Ranch Hands
manifested marginaliy mose abnormslities in the hysteria and social intro-
version scales. The Ranch Hands shoved more abnormaiities on the Cornell
Medical Index scales than did the Comparisons, but no differences wvere
detected between the two groups on the functionally oriented Halstead Reitan
Battery. There vere no group differences for current or past neuroses or
psychoses. Age, educational level, and alcohol history showed strong ancC
expected effects on the psychological measures.

Both the interval and.the lifetima history of liver disease vere equal
in both groups, as vas a lifetime history of peptic ulcer disease. Of nine
liver function and tvo porphyrin laboratory tests, the Comparisons had
significantly higher serum glutamic pyruvic trausaminase and uroporphyrin
means, vhereas the: Ranch Hands had a significantly higher mean alkaline
phosphate level and a borderline elevated coproporphyrin value. There was no
evidence to suggest an increased likelihood of porphyria cutanea tarda in the
Ranch Hand group. .

In the dermatological assessment, not one case of chloracne was diag-
nosed on examination, nor wvas historical a:ne anatomically distributed in a
pattern that suggested past chloracne in the Ranch Hand group. Exposure and
longitudinal analyses were also essentially negative.

The cardiovascular evaluation showed no significant group differences
for reported or verified hypertension, reported heart disease, or reported or
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verified heart attacks. Hovever, the frequency of verified heart disease was
significantly greater in the Ranch Hands than the Comparisons. The assess-
ment of the central cardiac function by systolic blood pressure and electro-
cardiogram did not reveal any meaningful group differences. Evaluatiocwn of
peripheral pulses by the Doppler technique reveaiad group equivalence in
marked contrast to the Baseline examination, which found significant pulse
deficits in the Ranch Hands. Thie change was likely due to required tobacco
abstinence before the pulse messurements. Oversll, the groups vere )
remarksbly similar in cardiovascular health.

The assessment of eight hematological measures shoved no significant
group differences. In fact, the groups vere more similar at the followup
examination than at the Baseline examination. Age, race, and smoking were
significant risk factors for most hematological measures.

The groups did not differ significantly in reported past kidney disease,
although the Baseline questionnaire noted such in the Ranch Hands. Five
laboratory measures of renal function were similar between groups in the
unadjusted analyses. No pattern of results suggested a detrinent to either:
group in the adjusted analyses.

For the endocrine function, TSH and testosterone means vere signifi-
cantly higher in the Ranch Hands, but these results vere not supported by the
categorical tests. The impaired category of the glucose tolerance test
revealed an excess in the Comparison group. Examination resilts for past
thyroid disease, thyroid and testicular abnormalities, and additional tes:s
for cortisol level and T, X Uptake vere similar in both groups. Age, race,
occupation, percent body fat, and personality type vere often significant
adjusting variables. Overall, the endocrine health status vas comparable in
both groups.

Comprehensive immunological tosts composed of six cell surface marker
studies and three functional stimulation studies shoved no significanc group
differences in the unadjusted analyses. Age, smoking, and alcohol usage vere
generally strong covariates. The assessment of delayed hypersensitivity by
skin testing wvas declared invalid because of excessive reader variation and
shiftiug diagnostic criteria.

The pulmonary a.._essment, consisting of past history, physical examina-
tion, and x-ray results did not indicate any consistently different di-ease
patterns in the two groups. Age and lifetime smoking history vere important
risk factors for most pulwonary meusures.

The exposure index analyses, vhich vere stratified by occupation,
revealed sporadic differences betveen exnosure levels; hovever, there vere no
consistent dose-response relationships that supported an herbicide effect for
any clinical area.

Longitudinal analyses were conducted for 19 variables, and 5 showed
significant differences in the changes of the groups betwveen the Baseline and
follovup examinations. Of these 5 variables, 1 (sedimentation rate) was
believed to be related to a change in laboratory methods, and the other
4 (Babinski reflex, depression, platelet count, and manual all pulse index)
vere attributed to true changes over time for the groups. In comparing all
results betveen the examinations as well as the formal longitudinal analyses,




a subtle, but consistent, decrease in group differences over the 3-year
period has been observed.

The process of inferring causality is complex and must be based on care-
ful consideration of many factors. Any interpretations of the data must
consider the biological plausibility, clinical significance, specificity and
consigstency of the findings, and a host of statistical factors, such as
strength of the association, lack of independence of the measurements, and
multiple testing.

By direct and indirect evidence, it is concluded that this study is {ree
of overt bias and that the measurement systems used to obtain the data were
accurate and valid. By an overall pattern assessment, it is further con-
cluded that the Ranch Hand and Comparison populations are similar.

Finally, this first followup examination repcrt concludes that there is
irsufficient evidence to suppor:¢ a cause and effect relationship betweewn
herbicide exposure and adverse health in the Ranch Hand group at this time.
The study has revealed a number of minor medical findings that require con-
tinued surveillance. In full context, the results of this study must be
vieved as additional reassuring evidence that, at this time, the current
state ot health of the Ranch Hand participants is unrelated to herbicide
exposure in Vietnas.
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PREFACE

The release of this 1937 followup Morbidity Report marks more than
8-1/2 years of !ntensive Air Forre research into the herbicide question.
Since the cosmitment to Congress in Getoiver 1978 to conduct an epicdemiologic
investigation of Air Force personnel vho aerially disseminsted herbicides in
the Vietnar Var (code-named Operation Ranch Hand), the United States Air
Force Surgeon Ganeral has issued the following publications: a Study
Protocol, four annrual mortaiity reports, the Baseline Mcrbidity Report, and
this first followvup morbidity report. Vithin the next 2 years, the second
followup morbidity report, other annual mortality reports, and an expanded
birth defects study are expect2d for publication. This level of commitment
has used approximstely $40 millicn of contzract research funds, excluding
significant Air Porce in-house expend:tures.

Nearly 1CO Government, acadamic, and indusiry scientists have guided and
contributed to the Air Pozce Eealth Study (AFHES) aince its inception. The
Air Force’s current advisory committee, chaired by Dr. Robert ¥W. Miller of
the National Cancer Institute, is responsibl. for providing assistance on all
scientific and medical matters pertaining to the AFAS. The disvinguished
panelists are listed in Appendix A.

There are nuuerous scientific strengths in the AFHS, beginning with the
unequivocal exposure status of the Ranch Hand population, estimatsl to have
been, on the average, 1,000 times that experienced by an unclothed man
directly beneath a spraying aircraft. In the other direction, the Ranch Hand
population vas probably less exposed tn dioxin than many studied industrial
populations (based upon a lack of chloracne), and may not develop adverse
health consequences because of a possible threshold mechanism. Hovever, the
participants of the AFHS have a nore defined exposurz than the ground troops
and constitute & larger population under study than indus.rial cohorts.

The chlief strength of the AFUS is its design. The intervoven study
elements of multiple mortality assessments, a Baseline morbidity study, and
five followup morbidity studies over 20 years provide a coagrehensive
approsch to the detection of attributable adverse health effects. The
veakest feature of the design is the mortality assessment vhich, in the
absence of significant case clustering, cannot detect group differences for
very rare conditions (e.g., soft tissue sarcoma) because of the inherent
constraints of the limited size of the Ranch Band population. To some
extent, this problem may be offset for the more prevalent cancers by rcom-
bining both 1living and fatal cancers for future analyses. The strength of
the mortality studies should increase vith the aging of the study population
and the concomitant increase in death vith the passage of time.

All four mortality assessments have shown that the Ranch Band population
is faring abou” the same as the Comparison group, vith no unusual cuuses of
death, increased frequency of death, or evidence suggesting death at younger
ages. Because of the healthy vetaran effect, both groups are surviving
significantly longer than similarly aged civilians. The morbidity assess-
ment, released in 1984, disclosed only minor differences betwveen the Ranch




Hands and the Comparisons, and these differances vere not traditional indi-
cators of dioxin-related disease. Both the content and the progress of the
AFHS has been presented on meaily occasions to Congress, to the media, and te
scientific meetings around the vorld. On the wvhole, the AFHS has been very
vell received in these circles, giving additional strength and credence to
tais vork.

This report of the first feilowup study is important as it marks the
sustairad comaitment of Congress and the Air Force to pursus the Agent Orange
quesiion to its logical scientific conclusion. From the medical and scien-
tific perspectives, this followup examination gives the first opportunity to
confirm or refute some of the Baseline findings, and to explore subtle longi-
tudinal changes vhile controlling for confounding factors. The fifth-year
followvup examination, which will have beern initiated vher this report is
released, vill be conducted at an average time of 20 years postexposure for
the Ranch Hands, a critical preriod for the emergence of attributable cancer.
Followup studies such as these provide the most poverful scientific means of
detecting emerging herbicide effects.

This report difiers slightly from the Baseline Morbidity Report in
several vays. 7The populations under siudy have c...nged slightly (see
Chapter 2), since some Rarch Hands and Comparisons have voluntarily dropped
out of the study, and additional) study participants have joined (via the
Comparison replacement strategy, or the additioi of Jormerly noncompliant
participants). Further, a greaater variety of statistical techniques are used
to explore bias considerations, subgroup categorical differences (see Chapter
7), and "best" model fitting via the use of tvo- and three-way interactions.
In addition, specific medical tests wvere included in this examination ro
clarify whether less specific Baseline findings vere relevant (e.g., Doppler
measurement of arterial pulses).

Barly in both the examinarion and analysis phases of this followup
examination, it became clear that a joint Air Force-coniractor approach to
the analysis of the data was required. Tha Air Force elected to perform much
cf the analytical work of this report (e.g., bias, compliance, longitudinal,
anl pulmonary analyses). Thus, this study hus transitioned from "indepen-
dent” contract werk to a genuine team effort between the Science Applications
International Corporation (SAIC) and the Alr Force scientific staffs. In the
spirit of this enriching teamwork, SAIC has listed the Air Porce scientific
staff co-equally on the cover page of this report. Because of the highly
professional scientific interchanges on many challenging aspects of the
analyticel work, it is believed that this report represents a scientific
product unattainable by either team independent of the other.

A brief explanation of this report to the reader is in order. This
report is vritten primarily for clinical epiismiclogists, clinicians, and
biostatisticians so that they may fully evslunte the data and analytic
techniques herein. There are segments of thi: report that will be difficult
for even the most experienced of thesc specizlists to understand. Complete
familiarity vith the Study Protocol and prior mortality and morbidity reports
is essential in the full understanding of this report. Thus, this report is
not intended for rapid distillation by the laymsn or by media representa-
tives. It should be noted that the intent of the introductions of the
clinical chapters is to provide only a broad overvievw of the licerature with
respect to dioxin endpoints. In addition, the statistical analyses in this
report vere generally prescribed by the Air Forcc (based primarily upon
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analyses performed for the Baseline Morbidity Report) and are not ad hoc
analyses. ‘The raport format ha: been established to be complete, rigorous,
and straightforvard on ¢ll issuey so that vaximum scientific credibility will
be maintained. As vith the Baseline Report, the contractor, with Air Porce
aathority, or the Air Force itself, will respond to telephone or written
inquiries about the conteant of this report.

This report, prepared by Science Applications International Corporation,
is sutwmitted as partial fulfillaent of Contract No. F41689-35-D-0010.
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CHAPTER 1

This chapter briefly describes the bachground of the Air Force Health
Study (AFHS) and provides an overviev of the study design and purpose of this
report. Portions cf this chapter have been paraphrased from the Baseline
Morbidity Report, 14 February 1984. .

In January 1962, President John F. Kennedy approved a program of aerial
herbicide dissemination, for the purpose of defoliation and crop destruction,
in support of tactical militacy oparations in the Republic of Vietnam (RVN).
Under this progras, code-named Operation Ranch Hand and in operation from 1962
to 1971, approximately 19 millicn gallons otlh!rbicidcs vere dispersed on an
estimated 10 to 20 percent of South Vietnam. '‘ Approximately 11 million
gallons of Herbicide Orange, the primary defoliant of the six herbicides
utilized in the program, vere disseminated. .

Operation Ranch Eand vas the subjezt of intense scrutiny from the start
due tc the controversial nature of the program and political sensitivity to
chemical varfare charges contained in enemy propaganda. The concerns, vhich
vere initially based on military, political, and ecological issues, shifted
during 1977 to health issues. Numerous claims of exposure to herbicides,
particularly Herbicide Orange and its dioxin contaminant, and subsequent
adverse health effects among U.S. military carvice personnel have resulted in
class action litigation and substantial controversy. Social concern for the
Herbicide Orange issue continues to be manifest by continuing scientific
research, media presentations, congressional hearings, and legal action.

The U.S. Air Force Medical Service’s concern for the health of Air Force
personnel exposed to herbicides vas demonstrated in October 1978 vhen the Air
Force Daputy Surgeon General made a ommitment to Congress and to the White
House to conduct a health study on the Ranch Band population, the aviators vho
disseminated the majority of the defoliants in the RVN. The prevailing
reasons for the study commitment included the availability of a definitive
occupational exposuze to herbicides, a sufficient sample size for survey and
clinical research, the ability to sscertain the population at risk, and an
opportunity for the Air Porce Medical Corps to fulfill its adage “ve care” to
the Air Force community.

The Air Force Schuol of Aerospace Medicine, Braoks Air Force Base, Texas,
vas tasked by the Surgeon Ceneral to develop the Study Protocol. In 1982,
after extensive peer reviev, the epidemiologic study began, and the Protocol
was published.

Since 1978, numerous animal and human studies of dioxin effects have been
planned or initiated by governmen:tal agencies, universities, and industrial
firms. The key scientific issue in these studies vas the extent of exposure,
e.g., vho vas exposed and hov much each individusl vas exposed. Unfortu-
nately, pooulation identification and exposure estimation, which are critical
for a valid study of ground troops, have been scientifically elusive.
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It is believed that of all the military personnel vho served the RVN,
the Ranch Hand population vas the most highly sxposed tc herbicides. Exposure
estimates indicate that the avarage Ranch Hand received 1,000 times more expo-
sure to Herbicide Orange and 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) during
his tour in the RVN than an average male vould receive standing unclothed
unde:r a spraying aircraft in an open field. Based on the principle of dose-
respoinse, the Ranch Hands should manifest more and/or earlier evidence of
adver:e health. Thus, the results of the AFHS should serve as an indicator of
herbicide effects in ground personnel.

STUDY DESIGN

The purpose of the study is tc determine vhether adverse health effects
exist and can be attributed to occupational exposure to Herbicide Orange. The
study, consisting of mortality and morbidity components, iy based on a matched
cohort design in a nonconcurrent prospective setting vith follovup studies.
Complete detaiis on the design are provided in the Study Protocol.

The nonconcurrent aspect of the design results from the fact that the
Ranch Hands were exposed over time betvaen 1962 and 1971. This staggered
exposure is accounted for in the design of the studies to address latency
considerations.

For the Baseline study, the population ascertainment process identified
1,264 Ranch Hand personnel vho served in the RVN betveen 1962 and 197). By
the time the first followup began in 1985, an additional 1! Ranch Hands had
been ideniified, bringing the total Ranch Hand population to 1,275. A
Comparison group vas formed, cons:sting of individuals assigned to selected
Air Force units vith missions of flyi.ig cargo to, from, and vithin the RVN
during the sase period. Using a compu =»i3ed nearest neighbor selection
procedure, a maximum of 10 Comparisons vas selected for each Ranch Band,
matching on age, race, and military occupation. Sfter perscnnel record
revievs, each Ranch Hand vho vas determined to be eligible and fully suitsble
for study had an average of 8.2 Comparison subjects.

The mortality component addresses mortality frc: the time of the RVN
assignment. A Baseline mortality study vas conducted in 1982, and the mor-
tality followup consists of annual wmortality updates for 20 years. For the
Baseline study and the first four updates, five individuals vere randomly
selected from the matchad Comparison set for ¢ 1:5 design. Subsequent to
1986, the design vill be expandad tc¢ include all of the individuals in the
Comparison set.

The Baseline morbidity component, begun in 1982, reconstructed the
medical history of each participant by revieving and coding past medical rec-
ords. A cross-sectional element, designed to assess the participant’s current
state of mental and physical health, vas basad on comprehensive questionnaires
and physical examinations given to the participants. Por this component of
the study, «ach living Ranch Hand and the first living mesber of his
Comparison set vere selected to participate in the examination. Sequential
questionnaires, medical record revievs, and physical examinations in 1985,
1987, 1992, 1997, and 2002 comprise the morbidity study followup.
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PURPOSE

The 1985 morbidity follovup is the subject of this report. The objective
of the morbidity followup is to continue the investigation of the possible
long-term health effects folloving exposure to TCDD-containing herbicides.
This report describes the procedures and results of the first morbidity
follovup of the AFHS. Analysis of reproductive and fertility data wvill be
conducted by the U.S. Air Force and is not part of this report.
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CHAPTER 2
POPULATION

This chapter provides a description of participant selection, the
enrollment process, and the demographic characteristics of the population
that participated in the clinical and questionnaire pocrtions of the first
follovup morbidity study in 1985.

BASELINE CANDIDATE IDENTIFICATION

The study population for the first followup vas defined by the Air PForce
investigators as part of the Baseline study design. Using detailerd searches
through Air Force and other Government record systems, a total of 1,264 per..
sonnel vho had participated in Operation Ranch Hand vas identified. Using
the same historical data sources, a Comparizon population of 24,971 individ-
uals that had been assigned to a variety of military cargo missions in
Southeast Asia during the same time period was identified.

The Ranch Hand and the Comparison populations vere matched after all
individuals vho had been killed in the Vietnam conflict vere removed. The
maiching process was conducted using a computer progras employing iterative
nearest-neighbor statistical techniques in order to associate each Ranch Hand
vith 10 Comparisons by race (Black/nonblack), closest date of birth, and
occupational category during Vietnam service (officer-pilot, officer-
navigator, otficer-nonflying, enlisted flyer, and enlisted groundcrevw). Por
each Ranch Hand, 1 of the 10 matched Compariscns vas selected at random and
designated the Original Comparison. Tha resulting exposed and multiple
matched Comparison study design vas used for the Baseline effort.

During the questionnaire administration of the Baseline study, i: vas
discovered that 18 percent of the Comparison population had been misselected
vith respect to their Southeast Asia military experience. After eliminating
these ineligible Comparisons, the remaining Comparison set wvas collapsed to a
1:8 study design, wvhich was used for all subsequent eligibility determi-
nations.

During the course of the Baseline morbidity study, five new Ranch Hands
vere verified as eligible for the study and vere added to the exposed group.
In addition, tvo Ranch Hands vho had been misclassified as Comparisons vere
identified during the questionnaire administration. These individuals were
reclassified as exposed and nev Comparisons were assigned appropriately.
Folloving the completion of the Baseline morbidity study, 10 additional
Operation Ranch Hand participants vere located and added to the study popula-
tion for the followup phases.




-

POLLOWUP CANDIDATE IDENTIFICATION

One of the preliminary tasks associated with the followup study was to
conduct a telephone survey of uncontacted replacement candidates. The
purpose of the survey was to obtain new information on the candidate’s
general health, economic situation, and willingness to participate in the
study.

The Air PForce address file, azsembled and maintaine ! since 1981,
provided the basis for the telephone survey contact list A location
algorithm described in Chapter 3 was developed in order o find those
individuals no longer at the address and telephone numbe.  ndicated in the
Baseline file.

A total of 7,411 candidate replacements out of the candidate file of -
7,963 vas located, interviewed using computer-aided telephone interview
(CATI) techniques, and confirmed as :ligible candidate study participants.
0f the 552 candidates who could not be interviewed, 26 were deceased,

335 refused, 190 were unlocatable, and 1 respondent had not served in
Southeast Asia and wvas therefore ineligible for the study.

Teble 2-1 provides the number of candidate participants by Baseline
compliance category for the Ranch Hand and Comparison groups.

PARTICIPANT SELECTION

The participant selection protocol used for the follovup vas similar to
that used at Baseline with one important exception. If the Original Compari-
son declined to participate, the next randomly ordered candidate ‘fur the
corresponding Ranch Hand virh the same self-perception of health was con-
tacted and recruited for the study. This matching process vas not feasible
at Baseline because the addresses of the Comparison pocl were not fully
ascertained. Perception of health was subjectively determired by the candi-
date during the telephone interview. The rationale for matching replacement
Comparisons on self-perceived health status was an attempt to minimize any
bias that might result from differential compliance. All candidates who had
been contacted and invited to participate during the Baseline, including
those vho vere refusals and partial compliers, were contacted and invited to
the followup along with nevly verified or located Ranch Hands and their
Comparisons. _

-

ENROLLMENT

The enrollment of candidates was based on the Baseline lists and health
status information from the telephone survey. Recruitment was conducted for
questionnaire intervievs and clinical examinations that began in May 1985 and
ended in March 1986. Approximately 70 individuals were examined each week in
tvo groups of 35. A total of 2,309 Ranch Hands and Comparisons participated
in both the questionnaire and clinical examination portions of the AFHS
followup. Since the followup questionnaire was administered at the physical
examination site, there vere no "partially compliant® participants at
followup.
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Number

Candidate Followup Purticipants by Group and
Baseline Compliancze Status

Category

1,045
129
32

10

1,216

GI’ 936

220
79
288
88
49

7,411

9,071

Candidate Ranch Hands (by Baseline Status)

Ranch Hands Who Completed Both Baseline Questionnaire
and Physical Examination (Fully Compliant)

Ranch Hands Who Completed Only Baseline Questionnaire
(Partially Compliant)

Ranch Hands Whe Declined to Take Part in Baseline
(Noncempliant)

Newly Verified or Located Ranch Hands

Total

Cand’dat2 Comparisons (by Baseline Status)

Original Comparisons Who Completed Both Beseline _
Questionnaire and Physical Examinaticn (Fully Compliant)

Original Comparisons Who Completed Only Baseline
Questionnaire (Partially Compliant)

Original Comparisons Who Declined to Take Part in Baseline
(Noncompliant) '

Replacement Comparisons Who Completed Both Baseline
Questionnaire &nd Physical Examination (Fully Compliant)

Replacement Comperi.ons Who Completed Only Baselina
Questionnaire (Partially Compliant)

Replacement Comparisons Who Declined to Take Part irn the
Study (Noncompliant)

Replacement Comparisons Who Had Not Been Contacied
Previcusly

Total




Earollment vas managed uaing sn automated scheduling and tracking system
to maintain and record all candidate recruitment contacts,; actions, &nd
status; clinical examination group scheduling; schedule m-iifications,
cancallaticns, and conpletions; end a comprehensive set of loglstic manage-
ment reports. An effort vas made to successfully recruit savary individual
eligible for the study. The number of participants vho parcicipated in the
physical examination and questionnaire of the first follwwup is provided in
Table 2-2..

Of the 1,016 Raunch Hands, all but 53 had matched Comparisons vho also
participated in the study. Due to the sealection strategy used and the
recruitment of previous noncompliants, several of the Ranch Hands had
multiple Comparisons. The selection strategy resulted in 79 Ranch Hands
having 2 Comparisons, 9 having 3 Comparisons, gnd 1 Ranch Hand having a total
of 5 Comparisons completing the followup. In accordance vith the Study
Protocol, eligible Comparisnns vere enrolled wvithout regard to the compliance
etatus of the corresponding Ranch Band. There vere 22¢ Comparisons in the
follovup study vhose matched Ranch Hard did not participate.

PEBSCNAL CHARACTERISTICS AND HABITS OF FOLLOVUP POPULATION

The data on personal characteristics of the Ranch Hand and Comparison
individuals vere cbtained from the followup questionnaire. The sreas of
tobacco, alcohol, and marijuana use; personal and family income; education;
religious preference; active duty/retired/separated status; and risk-taking
behavior received particular attention. These variables vere examined to
assess the similarity of the twvo groups in social and behavioral character-
istics, vhich vere not included in the statistical smetching process. -

The participants in the study wvere matched on age. The age character-
istics of the study population are shovn in Table 2-3. The mean and median
ages of the Ranch Hand and Compariscn groups vere nearly identical.

The smoking and alcohol-use habits of the study subjects are displayed
in Table 2-4. More participating Ranch Hands smoked cigarettes at the time
of the followup physical exaaination than did the Comparisons (40.1X versus
35.0%). This difference in current smoking behavior vas statistically
significant (p=0.01). In the intervening years since the Baseline examina-
tion, 5.6 percent of the Ranch Hands and 4.6 percent of the Comparisons had
stopped smoking. The proportions of participants vho ever smoked ~igarettes,
pipes, or cigars were not significantly different in the two groups.
Similarly, the number of participants vho Arark alcohol in the years since
1982 vas not statistically different betveen groups.

Data concerning the use of marijuana were gathered by different methods
in the two interviews. In the Baseline questionnaire in 1982, confiden-
tiality of response was given to 21l participants, but ansvers vere identifi-
able for each participant. At the 1985 followup, random response techniques
vere used on the marijuana questions to overcome the problem of participants
either refusing to respond or giving misleading replies to these highly
sensitive and personal questions. With this technique, a'coin was flipped by
the respondent, who then answvered either th® marijuana question or a neutral
unrelated question, which had an ansver uf known prebability. The outcome of
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TABLE 2-2.

Participante Barilled in the Followvup Study by Group and

Yeseline Compliarca Status

Number Category
Enrolled Ranch Hands (by Baselina Status)
271 Ranch Hands Vho Completed Both Baseline
Questionnaire and Physical Examination (Fully Compliant)
3 Ranch Hands Who Completed Only Baseline
Questionnaire (Partially Compliant)
0 Ranch Hands Who Declined to Take Part in
Baseline (Noncompliant) A
$ Nevly Verified or Located Ranch Hands
1,016 Total
Enrollcd Comparisons {by Baseline Stztus)
872 Originul Comparisons Who Completed Both Baseline
Questionnaire and Physical Bxamination (Fully Compliant)
61 Origirai Comparisons Who Completed Only Baseline
Questionraire (Partially Compliant)
10 Original Comparisons Who Declined to Take Part in
Baseline (Noncompliant)
12 Nev Original Comparisons
<97 Replacenent Comparisons Who Completed Both Baseline
Questionnaire and Physical Examination (Fully Compliant)
32 Replacement Comparisons Vho Completed Only Baseline
Questionnaire (Partially Compliant)
11 Replacement Comparisons Who Declined to Take Part in
Baseline (Noncompliant)
28 Nev Replacement Comparisons
1,293 Total
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!
TABLE 2-3.
Age (in 1985) of
Participants of the Pollowvup Examination by Group
Group
Ranch Hand Comparison
Age Category Number Percent Number Percent
43 or Less 412 40.6 549 42.5
44 to 62 568 55.9 693 53.6
63 or More 36 3.5 51 - 3.9
Total 1,016 100.0 1,293 100.0
Group |
Ranch Hand Comparison !
Range 35-72 Years 35-77 Years |
Mean 46.9 Years 46.8 Years
Nedian 47 Years 46 Years

i
i
|
|

the coin flip was unknown to the interviewver. Thus, no given reply could be
traced, although the proportion of the population that had the sensitive
characteristic (marijuana use) could be estimated.

There vere no°statistically significant differences betveen the Ranch :
Hand and Comparison groups in the reported use of marijuana in the 30 days !
preceding the examinatior (7.8X and 9.2%, respectively). A much higher per- ;
centage, 26.3 percent of the Ranch Hands and 31.0 percent of the Comparisons,
reported smoking marijuana at some time in the past. At Baseline, only ,
3.1 percent of each group reported ever using marijuana. These differences
over time vere most likely due to a greater sense of confidentiality
generated by the random response techniques used in the 1985 questionnaire.

The mean usage levels of tobacco and alcohol among those participants
vho did indulge in these habits are shown in Table 2-5 as pack-years, cigar-
years, pipe-years, or drink-years. Mean alcoh(l use per day was 6 26 drinks
per day for the Ranch Hands and 6.42 for the Comparisons. In most of the
cumulative measurements, the median level of use was lower than the mean
level, indicatirg that the heavy users of these substances skeved the
distributions. Righty-nine percent of both groups reported having consumed
alcohol since the last physical examination. Differences in these calculated
variables might have been due to either actual changes in behavior or to
differences in the questionnaires used to collect the basic data.

1
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TABLE 2-4.

History of Tobacco and Alcohol Use
of Participeants of the Pollowup Examination by Group

Group
Ranch Hand Comparison

Habit Yes Percent No Percent Yes Percent No Percent p-Value
Current Use of 407 40.1 609 59.9 453 35.0 840 65.0 0.01
Cigarettes
Past History of 752 74.0 264 26.0 944 73.0 349 27.0 0.58
Cigarettes
Past History of 249 24,5 767 75.5 345 26.7 948 73.3 0.24
Cigar Use _
Past History of 265 26.1 751 73.9 340 26.3 953 73.7 0.92
Pipe Use
Past History of 26.3 73.7 31.0 69.0 0.15
Marijuana Use*
Marijuana Use* 7.8 92.2 9.2 90.8 0.52
vithin Past
30 Days
Use of Alcohol 901 88.7 115 11.3 1,147 88.7 146 11.3 1 0.98
since Last
Intervievw

*Bstimates based on random response technique.
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TABLE 2-5.

Average Use of Tobacco Products and Alcohol
for Those Reporting Use of Theue Substances:
Participants of the Followup Examination by Group

Group
Ranch Hand Comparison

Substance Mean Kedian Mean Median
Cigarattes per Day (Current Use) 26.54 25.00 25.77 25.00
Cigarettes, Pack-Years (Cumulative) 17.69 13.00 17.61 13.00
Cigar-Years (Cumulative) 11.25 1.30 10.96 1.00
Pipe-Years (Cumulative) 20.03 6.10 . 16.90 4,00
Alcohol Drinks per Day 6.26 6.00 6.42  5.00
(Current Use)
Drink-Years (Sihce Last Interview) 1.81 0.80 1.89 0.74
Drink-Years (Cumulative) 26.59 12.80 25.04 13.00

Educational background and religious preference fcr the two groups are
presented in Tahles 2-6 and 2-7. The current military status of each indi-
vidual vas classified as active duty, retired, separated, reserve duty, or
deceased. There vere no significant differences between the two groups.
These data are presented in Table 2-8 and shoved equivalence cf the two
groups in these social variables.

Data on income vere collected in a categorical form, and the median
income levels of the Ranch Hand and Comparison groups vere comparable. The
median personal income in both groups vas in the $25,000 to $30,000 range,
and the median total family income ranged from $40,000 to $45,000 in each
group.

Risk-taking behavior patterns of the study pcpulation vere assessed hy a
series of questions that emphasized participation in potent{ally dangerous
recreational activities. These data are summarized in Table 2-9. In motor-
vehicle racing (automobiles, boats, and motorcycles) and scuba diving, there
vere group differences of borderline significance (p=0.07 and p=0.09, respec-
tively). Slightly more Comparisons vere scuba divers (12.4Y% versus 10.1%),
and more Ranch Hands raced motor vzhicles (12.9X versus 10.4%). There was a
significant difference in scuba diving a* Baseline (p=0.04), when more
Comparisons were scuba divers (12.7X versus 9.9X).




TABLE 2-6.

Bducational Background of Participants of the
Pollcwvup Examnination by Group

Group
Ranch Hand Comparison

Educational Level Number Jercent Nuaber Percent
High School/GED 522 51.4 655 50.7
Associate Degree 84 8.3 114 3.8
BA/BS Degree 194 19.1 27 21.0
Graduate Degree 203 20.0 239 18.5
Unknown 13 1.3 14 . 1.1

p=0.64

TABLE 2-7.

Religious Preference of Participants . the
Pollowvup Examinntion by Group

Group

Ranch Hand Coaparisen
Religious Preference Number Percent Number Percent
Protestant 671 66.0 856 66.2
Catholic 215 21 2 281 21.7
Jevish 9 0.9 15 1.2
Other 37 1.6 54 4.2
None ) 84 8.3 87 6.7

' p=0.60
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TABLE 2-8.

Military Status of Participants of the
Followvup Examination by Group

Group
Ranch Hand Comparison

Military Status Number Percent Number Percent
Active Duty 89 8.8 118 9.1
Retired 553 S54.4 683 52.8
Separated 313 30.8 420 32.5
Reserve Forces 55 5.4 65 5.0
Deceased" 6 0.6 7 0.5

p=0.90

*Died after the followup examination.

These data reflected the overall equivalence of the tvo groups in social
and behavioral characteristics. The differences cbserved vhen these data
vere contrasted to similar data at Baseline might have reflected differerces
in data collection methods or slight changes in the cchorts rather than
changes in behavior among group auvmbers.

LONGITUDINAL LOSSES AND GAINS

A total of 2,269 Ranch Hands and Compariscns was fully compliant vith
the Baseline study. The study population of 2,309 for the followup included
a loss of 159 participants and the addition of 199 individuals.

Loss to the followup occurred either bacause the participant was
deceoased, refused to participate, or vas unlocatable. The loss to followup
vas 7 percent in both the Ranch Hand and Comparison groups. Of the
69 Comparisons lost to the followup study due to refusal or inability to
locate, 17 vere replaced. For the remaining 52, no replacement vho satisfied
the health status matching criterion and was villing to participate vas
identified from the candidate replacements. The categories of these indi-
vidiuals are provided in Table 2-10. A total of 199 newv participants were
recruited into the study based on the selection methodology used. Informa-
tion on the newv participants is provided in Table 2-10.
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TABLE 2-9.

Risk-Taking Behavior of Participants of the
Pollovup Rxamination by Group

Grogp_
Ranch Hand Comparison

Activity Yes Percent No Parcent Yes Percent No Percent p-Value
Scuba Diving 103 10.1 913 89.9 160 12.4 1,133 87.6 0.09
Auto, Boat, or 131 12.9 885 87.) 135 10.4 1,158 89.6 0.07
Motorcycle Racing
Acrobatic Flying 43 4.2 973 95.8 43 3.3 1,250 96.7 0.25
Sky Diving 22 2.2 994 97.8 32 2.5 1,261 97.5 0.62
Hang Gliding 11 1.1 1,005 98.9 14 1.1 1,279 98.9 1.00
Houn;ain Climting 82 8.1 934 91.9 102 7.9 1,191 92.1 0.86
Surfboard Riding 81 8.0 935 92.0 91 7.0 1,202 93.0 0.40
Long-Distance 54 5.3 962 94.7 55 4.3 1,238 95.7 0.23
Sailing
Fast Downhill 170 16.7 846 83.3 184 14.2 1,108 85.8 0.10
Skiing*

p=0.10

*One Comparison vas unwilling to respond.
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Losses/Gains of Participants Batween the
Bageline and Followup Exaninations

Lossea
Number Category
10 Ranch Hands Deceased
59 Ranch Hand Refusals
S Ranch Hands Unlocatsble
74 Total Ranch Jands Lost
16 Comparisons Deceased
55 Comparison Refusals
14 Comparisons Unlocatable
83 Total Comparisons Lost
Gains
Number Category
39 Ranch Hands Partially Compliant at
Basellne
6 Nevly Verified or Located Ranch Hands
45 Total Ranch Hands Added to Study
61 Partially Compliant Original
Coaparisons at Baseline
32 Partially Compliant Replacement
Comparisons at Baseline
11 Navly Selected Original Comparisons
(For Nevly Verified Ranch Bands)
16 Replacenents for Compliant Comparisons
Vhe Refused Followup
10 Noncompliant Original lomparisons Who
Agreed tc Attend Followup
11 Noncompliant Replacement Comparisons
Vho Agreed to Attend Followup
1 Original Comparison Not Locatable at
Baseline but Found at Followup
3 Replacement Comparisons Not Locatable
at Baseline but Found at Followup
9 Replacessnt Comparisons Not Contacted
at Basrline
154 Total Comperisons Added o Study
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SUMMARY

Participants vere recruited for the first followup in accordance vith
the Study Protocol. All participants (Ranch Hands and Comparisons) vho vere
contacted for enrollment at Baseline vere recruited for this phase of the
study. Nevly verified and iocated Ranch Hands, since Baseline, and their
respective Comparisons were invited to join the study. Due to refusals among
the Comparisons, replacements from the previously uncontacted Comparisons
vare selected for enrollment. The replacements vere matched to tlie refusing
Comparisons on self-perception of health; health status data were obtained in
the telephone survey.

Personal characteristics of the two grouns were compared, based on data
obtained from the followup questionnaire. Contrasts cf age, educational
background, religious preforence, current military status, and income
revealed no significant differences betveen the Ranch Hand and Comparison
groups. Significantly more Ranch Hands smoked cigarettes at the time of the
followup examination than did Comparisons, although there vere no significant
differences found for past history of cigarettes, cigars, or pipe use or for
recent or past use of marijuana. A much higher percentage of both grbups
reporied smoking marijuana at some time in the past at the followup than at
Baseline. This difference vas most likely due to a greater sense of
confidentiality generated by the random response techniques used in 1985.

The use of alcohol since the Baseline examination was not significantly
different between the tvo groups. The difference in the risk-taking behavior
patterns of the Ranch Hands and the Comparisons was marginally significant.
Slightly more Ranch Hands than Comparisons raced motor vehicles, and more
Comparisons were scuba divers.

The followvup study population included the loss of 159 participants
(74 Ranch Hands and 85 Comparisons) vho wvere fully compliant at Baseline and
the addition of 159 participants {45 Ranch Hands and 154 Comparisons). The
199 nevly examined study subjects consisted of 132 participants (39 Ranch
Hands, 61 Original Comparisons, and 32 replacement Comparisons) who were
partially compliant at Baseline, 21 participants (10 Originals and

11 replacements) vho refused at Baseline, and 46 participants (6 Ranch Hands,

12 Originals, and 28 replacements) who were new to the study.
Thus, the study population for the first foliowup of the AFHS consisted

of 2,309 individuals: 1,016 vho had been associated with Operatiocn Ranch
Hand and 1,293 Comparicons.

2-13




CHAPTER 2
REFERENCES
Greenberg, B.G., A-L.A. Abdul-Ela, W.R. Simmons, and D.G. Horvitz.

1969. The unrelated question randomized response model: Theoretical
framework. J. Am. Stat. Assoc. 64(326):520-539.




CEAPTER 3
QUESTIONNAIRE METHODOLOGY

This chapter discusses the developament and the implementation of the
questionnaires used in the study: the participant interval questionnaire,
the spouse interval questionnaire, the Baseline participant and spouse
questionnaires, and the telephore survey of previously uncontacted
Comparisons.

The participant interval questionnaire wvas designed to capture the study
participant’s health history in the 3 years since his participation in the
Baseline study. Data collection was comparable to the Baseline effort: The
questionnaire vas very similar, and it was administered using the same face-
to-face methodology to virtually the same population. In the Baseline study,
interviewvs vere conducted in the participants’ homes and the followvup inter-
viev vas conducted at the physical examination site. The revised aethodology
vas more efficient and better subject to quality contrel.

The spouse interval questionneire collected reproductive data similar to
those ccllected at Baseline from spouses for the interval since Baseline.
The spouse interval questionnaires wvere mailed to the spuuses to be self-
- administered, or vere completed in La Jolla, California, if the spouse
. accompanied the participant to the physical exsmination site. Analysis of
the spouse data is not included in this report.

Since some study subjects refused to participate in 1982 and other
participants were new to the study, Baseline questionnaires vere administered
to these newv participants and their spouses. The same procedures used at
Baseline vere used to administer the Baseline questionnaires in the homes of
these individuals.

The elements of each questionnaire are identified in Table B-1 of
Appendix B. Questionnaire development and administration and scheduling of
participants wvere conducted by the National Opinion Research Center (NORC), a
social science research center at the University of Chicago.

QUESTIOKNAIRE DEVELOPMENT

The goal of questionnaira development was to maintain to the maximum
extent possible the question wordings, context, and procedures that were used
in the 1982 Baseline study. The largest task of questionnaire development
vas asking for interval historias on cruciasl questionnaire items to update
. the information provided by the 1982 Baseline questionnaires. For the
participant interval questionnaire, nevw questions were also developed on risk
factors for skin cancer, cince the Baseline Hortidify,keport found Ranch
Harnds to have an excess of iionmelanoma skin cancer. Beczusze the chemical
constituents of Herbicide Orange had not previously been asscciated with skin
cancer in the literature, no questions had been included in the Baseline
participant quastionnaire to collect information on ris: factors for this
condition.
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Nev questions wvere added to determine personal}ty type, since Type A
behavior is associated vith coronary hearti disesse.” The Jenkins Activity
Scale vas administered to collect these data. Enhancements vare also made to
improve data collection for birth defects, smoking habits, and drinking
habits. A copy of the participant interval questionnaire is prcovided in
Appendix B.

An information sheet containing a computer-generated summary of key
respondent ansvers to the Baseline survey vas used to provide bounded recall
for participants. Even vhen given a precise "starting date," respondents
frequently repest information given earlier, neglect to report new infor-
mation because they thought they had previously reported it, and othervise
misplace events in time or forget them completely. The best means of pre-
venting such errors is through the use of bounded recall, in vhich the
responderit is reminded of information he has aiready reported and nev infor-
mation i3 sought with reference to an updated information sheet. Among the
data elemarts includesd were date of birth, highest educational degree,
military ststus at last interview, marital status at last interview, and name
of spouse.

The questionnaire vas pretested on 8 ineligible individuals who had been
intervieved during Baselirne, and on 10 men who participated in the pretest
examinatior.

INTERVIEVER TRAINING

Tvelve intervievers were recruited and trained by NORC’s field manage-
ment and Chicago office staffs in May 1985 to administer the interval
questionnaires. The onsite NORC interview staff was not informed of the
exposure status of any study participant either before or after contract
completion. The site supervisor reported to the Project Director in Chicago
on a veekly basis, and quarterly visits were made to the site by the
Director. The site superviscer observed a sample of interviews, at least one
per interviever per week, and reviewved and edited interview questionnaires
before shipping them to Chicago for further processing.

In early 1985, personal intervieve ' were recruited to conduct Baseline
intervievs for new participants in their homes. The intervievers ivere
trained in the Chicago NORC office, using questionnaires and procedures
established for the baseline survey. Thev weru supsrvised by an assistant
survey director in the NORC office, vho edited each completed questionnaire
and talked vith each interviever weekly.

TELEPHCNE SURVEY

The telephore survey of uncontacted Comparisons was intended to gather
duta on the general health status of the 7,963 replaceweni candidates for the
active Ccspariscn group. The sample consisted of mern who served in C-130
units in Southeast Asig betwveen 1962 and 1971, but who did not participate
actively in the Baseline phase of the study. A total of 7,411 cases (93X)
vas completed by NORC computer-assisted telephone intervievers. The
telephune survey was conducted prior to the scheduling of the physical
examinations.
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The key question asked was, "Compared to other people your age, vould
you say that your health is...excellent, good, fair, pusc?™ Other questions
asked about current medications, severity of illness or injury during the
last 6 months, and income. Locating and refusal conversion algorithms
similar to the Baseline data collection efforts vere used.

The data from the telephone survey of uncontacted Comparisons wvere used
to select a replacement whose self-reported health status mztched that of the
noncompliant Comparison. If a willing replacement vas not found by this
method, the perception of health statuc variable was dichotomized into
excellent/good versus fair/poor. ard a nev replacement vas selectied from the
Comparison set. If this second attempt at identifying a suitable replacement
failed, nc replacement was made. The selection procedure is provided in
Figure 3-1. In this example, the first randomly ordered Comparison vas
contacted but refused to participate. In the second attempt, the Comparison
vas deceased. The third Comparison volunteered to participate in the
morbidity study.

SCHEDULING OF PARTICIPANTS

NORC recruited and trained four schedulers to perform the initial con-
tacts with study subjects. Their training included background information on
the details and purpcse of the study, simulation of the actual scheduling of
calls, documentation of results, and ccnversion of refusals. An initial
letter vzs sent by the Air Force to each study subject, informing him of the
upcoming interval physical eramination. The NORC scheduler then followed
this letter with a call to attempt to schedule the participant.

Refusals occurred at a number of steps in the scheduling process. A
team of conversion speciilists was assigned to contact refusing study
subjects and attempt couversions. Help in conversion was also received from
individuals in the U.S. Alr Porce Scheol of Aerospace Medicine and the Ranch
Hand Association. Many more participants were scheduled, but due to
"no-shows" at the examipation site, and passive refusals who rescheduled
frequently, the final figure stocd at 2,309.

The Baszline interviever contacted the potential study perticipant by
telephone for scheduling the in-home interview. Tovard the end of the
physical examinaticn phase, the Baseline questionnaire was administered at
the examination site by one of the intervievers vho had been trained in
adninistering that questionnaire. Of the 106 participant Baseiine question-
naires administered during the first followup, 21 had to be conductel at the
exaaination site.

The supervisor of tue Baseline intervievers conduzted the locating
efforts for nev and interval participants. Procedures similar. to thcse used
in 1982 were followed: a postal search, follswed vy a local telephnone
directory ssarch, a motor vehicle regisiration search, and pezsonal locaiing
efforts in the area of last known res!dence vhen appropriate. Tha Air Force
also provided locating support through its records.

DATA COLLECTION

Upon arrival at the Scripps Clinic and Research Foundation (SCRF). the
participant received a schedule includirg the time and pla.e for the interval
interview, and a race-matched irterviewver was anpoin.ed to nonduct . he
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interviev. Because of scheduling problems and the unavailability of a Black
interviewer, 65 of the 143 Black study participants vere interviewed by
vhites.

As in all of the personsl intervievs for the AFHS, intervievers vere
required to ask questions erxactly as written, vere not alloved to interpret
questions or inject personal commentary, &nd vere not alloved to skip between
sections of the quastionnaire. They vere also instructed to probe "don’t
knov" ausvers at least cnce. During the interview, medical record release
forms vere signed. The respondent vas also asked to give the current name
and address for each former spouse listed in the questionnaire, so that
spouse questionnaires could be sailed to these individuals.

The spouse interval survey vas mailed to current spouses at the time the
study subject vas at the SCRF. Two NORC Chicage telephone intervievers vere
trained to prompt refusing spouses to return the questionnsire, or to
administer the spouse intervievw by telephone as pert of the refusal con-
version effort. If the spouse also traveled to La Jolla, the questionnaire
vas conpleted under the supervision of a site interviever. Of the 1,898 com-
pleted spouse interval questionnaires, 1,066 vere returned by mail, 348 vere
completed by telephone, and 484 vere completed in La Jolla.

DATA PROCESSING

All completed intervievs were sent to the NORC Chicago office follovwing
editing by the site supervisor, wvho retrieved missing data from study
subjects vhile they were xtill onsite; any further retrieval of critical
items vas ccnducted from the Chicago office through telephone contacts.
Critical items vere those for vhich missing data vere unacceptable.

The- questionnaires were coded for data entry by a staff of five coders
vho received a veek of training on the various AFHS instruments. Data entry
vas programmed to provide value and raige checks as the data vere being
entered, to perform logic checks and arithmetic checks, to flag important
missing items, and to verify the key entry of 10 percent of each question-
naire. Then the data were run through an automated cleaning prograa to
detect a vide range of data errors that vere corrected by pulling the hard
copy questionnaires and revieving sach situation on a case-by-case basis. No
changes vere ever made in the hard copy data; corrections vere entered into
the data tape, and the tape vas run against the cleaning program until no
errors vere detected.
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CHAPTER 4
PHYSICAL EXAMINATION METHODCLOGY

The first followup examination vas provided to four categories of indi-
viduals: those wvho had taken the Baseline questionnaire and Baseline physi-
cal examination; those who had been invited to the Baseline events but chose
not to participate, only took the questionnaire, or were unlocatable; those
Comparisons vho had not been invited previously, but who were selected as
replacements for Baseline Comparisons noncompliant to this followup examina-
tion; and the six newly identified Ranch Hands. As noted in the Baseline
Report, all potential study participants were verified as eligible for the
AFHS following a detailed review of military personnel records. Replacement
individuals were carefully selected, by matching data on the self-perception
of health from the noncompliant Comparison (obtained frcm the telephone sur-
- vey) with those of the replacement candidate (sea Chepter 3 for details).

The followup examination differed logistically from the Baseline exami-
nation in one significant way: All structured interval questionnaires vere
administered at the examiration site as contrasted to the in-home interviews
conducted at Bsseline. The followup examination consisted of the following
major elecments:

¢ Interval Questionnaire

e Combat Experience (uestionnaire

® Review-of-Systems Questionnaire

e Psychological Testing

e Physical Examination

e Specialized Testing, e.g., Doppler Arterial Studies
e Laboratory Testiag

e Psychological and Medical Outbriefings.

Details of the above examination elements vere carefully prescribed by
the Air Force and set forth as cont:actual requirements. Clinical innova-
tions or variations were neither desired nor authorized; all proposed exami-
nation procedural changes were reviewed in detail by Air Force technical and
contractual personnel. An important objective of the technical review was to
ensure that bias was not created by any procedural change. The requirement
to maintain blind examinations was particularly stringent: The clinical
staff wvas prohibited from kaowing or seekirg information as to the group
identity (Ranch Hand, Comparison) of any participant. At the end of the
examination, each participant was asked to note on the critique form whether
such information was sought by any member of the clinical or paramedical
staff. ’
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EXAMINATION CONTENT

Examination content vas decigned by the Air Force to emphasize detection
of medical endpoints suspected of being associated with exposure to phenoxy
herhicides, chlorophenols, or divxin. 1In addition, findings in the Baseline
examination were used by the Air Force to direct changes in the followup
examination (e.g., abnormal pulscs at Baseline guggested the need for Doppler
measurements at the followup). The general content of the physical examina-
tion and psychologi~cal test battery is shown in Table 4-1, and the complete
laboratory tast series is displayed in Table 4-2.

Quality control requirements for both laboratory testing and clinical
procedures vere sxtensive. Although details are provided in Chapter 6, the
folloving cateyories provide an overview of the extent of the quality empha-
sis. Por iaboratory testing, single reagent lots and control standards were
used vhen practical, duplicate specimens vwere routinely and blindly retested,
testing overlaps vere mandatory vhen test reagents required change, and fast¢
initial response cumulative statistical techniques (FIR CUSUM) were used to
detect rapidly any subtle test drift over time. In addition, 50 specimens
from the Baseline serum bank vere rzc(ested to assess the.comparability of
lsboratory aethods. The SCRF clinical team wvas carefully instructed to
assure clinical quality. The quality control elements included: a pretest
of the examination process; detailed clinical inspection techniques by SCRF,
Science Applicaticns International Corporation (SAIC), and Air Force physi-
cians and personnel; preprinted mark-sense examination forms; clinical qual-
ity assurance meetings to destect and correct problems; and blindness of
exposure status =* the examination. In addition, participant rapport-
building techniques were added to boost participation in future followup
studies, such a= participant critique forms and recreational opporfunities
afforded to the accompanying family members.

CONDUCT OF EXAMINATIONS

All examinations vere conducted at SCKkF, Ls Jolla, California, from
May 1985 to March 1986. BExcept for weeks with natiornal holidays, two groups
of participents, averaging about 32 per group, vere examined weekly. Midway
through the study, NORC recruiters noted that a number of participants
refused the examination because of weekday business commitments or because of
single-parent responsibilities. Consequently, two special veekend examina-
tions vere arranged late in the examination cycle, and many of the former
refusals vere then sdle to attend. The exsamination was identical to the
regular ¢ 1,/2-day process, except that it was compressed into 2 days by
reducing the number of participants in a group.

The logistics effort required in contacting, transporting, and examining
2,309 study members vas formidable. Precxamination ccontacts consisted of the
telephone heslth survey, telephone recruitment to the examination if neces-
sary, and ceils by ei‘*her the NORC scheduling specialists or by the travel
agent to arrange transportation and determine vhether special requiremenis
existed (e.g., vheelchair assistance, vezkend examinaution schedule). Jnce
scheduling wvas reazonably firm, the SAIC logistics coordinator sent eaca
participant a detailed information package outlining dietary requirements,
inhbriefing schedules, impor*ani telephone numbers, a request for medical
rccoids, and local maps des.gnating examination-site eating and recreational
facilities.
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TABLE 4-1.

Rlements of the Followup Physical Examinatiom

Elements Remarks
General Physical Bxamination Internist
Neurological Bxamination Neurologist
Dermatological Examination Dermatologist

Electrocardiogram

Doppler Peripheral Arterial
Biood Flov Studies

Chest X Ray

Immunological Studies

Skin Test Studies

Psychological Evaluation:
Minnesota Multiphasic

Personality Invintory (MMPI)

Cornell HMedical Index
Halstead-Reitan Battery

Patient Outbriefing and Discussion of
Individual Results

Resting, 4-Hour Fasting and
Nicotine Abstinence

4-Hour Nicotine Abstinence

50X Random Sample
75X Sample

Medical Diagnostician,
Internist, and Ph.D.
Psychologist




TABLE 4-2.

Laboratory Test Procedures of the Followup Physical Examination

Fagting Glucose

Blood Urea Nitrogen (BUN)
Cholestercl

HDL Cholesterol
Triglyceride

Serum Glutamic-Oxaloacetic Transaminase (SGOT)

Clinical Laboratory

Serum Glutamic-Pyruvic Transaminase (SGPT)
Gamma-Glutamyl Transpeptidase (GGTP)

Alkaline Phosphatase
Lactic Dehydrogenase (LDH)

Thyroid Stimulating Hormone (TSH)

Initial Cortisol
2-Hour Cortisol

Prothrombin Time
Quantitative Immunoglobulins
Complete Blood Count (CBC)
Leuteinizing Hormone (LH)

2-Hour Postprandial Glucose

Creative Phosphokinase (CPK)

Total Bilirubin

Direct Bilirubin

Total Protein

Protein Electrophoresis_

Routine Urinelysis

T, X Uptake

T,

Testosterone

Heratitis B Surface Antigen

Hepatitis B Surface Antibody

Follizle Stimulating Hormone
(FSR)

Rapid Plasma Reagin (RPR)

Pornhyrins (Meyo Clinic)

Sedimentation Rate

Immunological Laboratory

Cell Surface (Phenotype) Analyses

Lymphocyte Mitegen Stimulation Assays

Mixed Lympbhocyte Culture (MLC)

Natuvral Killer Cell Assay by Specific Cellular Cytotoxicity Using K-562

Target Cells

Natural Killer Cell Assay (Using Iatecferon) by Specific Cellular
Cytotoxicity Using K-562 Target Cells
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The logistical flov of the entire examination process vas complex.
Pigures 4-1 and 4-2 outline participant flov for the first 2 examination
days. As depicted in these figures, each group of participants (generally
containing equal rumbers of Ranch Hands and Comparisons) vas transported
early in the morning to SCRF on the first 2 days in a fasting state; tobacco,
alcohol, and coffee abstinence vere also required. Following initial
inbriefing and biood drav on the first day, each participant vas randoaly
assigned to the examination group or to the psychological testing group. On
the second day, these groups vere reversed. After randomization, each member
vas given an individualized 3-day schedule outlining his medicel, interviev-
ing, and laboratory appointments. The schedule carefully noted the specific
required periods of fasting and tobacco abstinence (see Figures 4-1 and 4-2
for generalized periods in relation to BCG and Doppler testing). Each indi-
vidual was reminded of the fect that all aspects of the examination vere
strictly voluntary, and thet refusals would be honored without question.

Both general and specific consent forms (e.g., skin biopsy), approved by the
Air Force, vere explained in detaii.

In contrast to the Baseline examination, great reliance vas placed upon
each individual tn find the appropriate clinic area at his scheduled time.
This approach had great appeal to this self-reliant population as evidenced
by critique feedback. Throughout the examination day, generous time vas
provided for vaiting-room activities, i.e., reneval of past friendships,
discussions of the Vietnam Var, consumption of refreshments vhen permitted,
and completion of papervork. Day 3 of the examination was largely spent in
finishing up the specizlty examinations and receiving the outbriefings from a
psychologist and medical diagnostician. Only upon completion of these
important debriefings vere the participants paid their stipend, reimbursed
for travel expenses, and transported to the airport.

As noted previously, the SCRF clinical team vas hand-picked for partici-
pation in this project. In total, 15 board-certified physicians in internal
medicine, neurology, and dermatology participated in the general, specialty,

. and diagnostic examination. To reduce observer variability, turnover in the

clinical or paramedical staffs vas minimized during the 9 months of examina-
tions. One SCRF physician served as the Project Medical Directo:, responsi-
ble for the scheduling, conduct, and quality control of the examinations.
All examining physicians wvere introduced to the mark-sense examination forms
during the pratest examination. The layout of the form vas designed tc
parallel the flow of the clinical examination so as to minimize recording
errors. Because data transcription was not permitted, each physician vas
responsible for filling in the bubbled form. To a large extent, these mark-
sense forms and subsequent quality control were the primary reason for a
remarkably clean data set. Two examples of the mark-sense forms are
presented as Pigures 4-3 and 4-4; a complete set of forms is provided in
Appendix C.

For the first followup, the special testing included Doppler tests,
delayed hypersensitivity skin tests, and immunological tests. Doppler
measurements wvere obtained on all participants by highly experienced
technicians; results vere recorded and Polaroid photographs were taken of
representative os ‘lloscope displays. As previously noted, considerable
emphasis vas placed upon tobacco abstinence prior to Doppler evaluations.
Skin tests for four antigens were administered in a standardized manner:
Candida (1:1,000 veight/volume, 0.1 ml intradermal), mumps (2 complementc-
FSxIng units). Trichophyton (1:1,000 weight/volume, 0.1 ml intradermal), and
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CHAPTER 5
_ STUDY SELECTION AND PARTICIPATION BIAS

INTRODUCTION AND BASELINE SUMMARY

The Protocol

During the design phase, the anthors of the Protocol anticipated that
loss to followup would pose the greatest threat to the validity of the study.
In particular, they expected differential compliance with relatively more
Ranch Hands self-selecting themselves into the study than Comparisons and
vith health differences of unknown character between noncompliant Ranch Hands
and noncompliant Comparisons. As a partial correction, the study design
specified that noncompliant Comparisons would be replaced by Comparisons
having the same values of the matching variables and the same health percep-
tion. In this vay, the replacement Comparisons would serve as surrogates for
those Comparisons vho refused to participate. This, in turn, would tand to
reduce the bias due to noncompliance in the Comparison group and would have
the added advantage of maintaining this group’s sample size.

The Comparison in each randomized matched set who happened to be first
asked to participate in the Baseline questionnaire and physical examination
vas identified as the Original Comparison for his respective Ranch Hand (in
accordance with the Protocol). If the Original Comparison vas noncompliant,
that is, he refused to take the Baseline questionnaire or physical examina-
tion, his replacement was called a replacement Comparison. Replacement Com-
parisons were so distinguished to satisfy the Protocol requirement that they
be contrasted with the noncompliant Comparisons, also called refusals, they
replaced. No corresponding replacement strategy for the Ranch Bands was
possible since all Ranch Hands had been identified and invited to partici-
pate. ‘ -

The Protocol further specified that the replacements would be statis-
tically compared with the noncompliant Original Comparisons to determine the
extent to vhich the replacement strategy was being realized. The statistical
contrast of replacements and refusals wvas to be based on responses to a non-
compliance telephone questionnaire administered to refusals anu to their
potential replacements. This questionnaire assessed self-perception of
health, days lost from work due to illness, and medication use, and was to
serve as the basis for the health matching called for in the Protocol.
Although the Protocol was not explicit on this point, it implied that the
decision to include or exclude the replacements from the study would be based
only on this contrast. .

The Baseline Replacement Operation

The health-matching questions (identical to tne noncompliance
questionnaire) vere, in fact, not administered to any potential replacement




Comparison before selection at Baseline, although questions regarding
self-perception of health, medicatien use, and vork loss wvere asked as part
of the Baseline questionnaire after entry into the study. The noncompliance
telephoue questionraire vas offered to noncompliant study participants, but
only 79 coupleted the telephone questionnaire, and of these only 57 wvere
actually replaced. Replacements were, therefore, not health matched to
refusals at Bagseline. Resther, they were matched only on the basic matching
variables: date of birth, race, and occupation. The statistical contrast of
refusals and their replacements was not performed at Baseline.

Duriang the scheduling operation at Baseline, two untovard events
occurred that led to the identificsztion of two additional categories of Com-
parisons, shifted Comparisons and Air Force-interviewed replacements. First,
212 of the Original Comparisons vere discovered to be ineligible for partici-
pation in the study due to errors in the data base regarding their unit of
assignment in Southzast Asig. These men had not served in Southeast Asia
but, due to a duplication of codes, were niztakenly included in the Compari-
son population. They were deleted from the study.

This resulted in another Comparisor. in each previously randomized match
set baing first asked to participate ir the study. These new Original Com-
parisons vere figurastively called "shifted" Comparisons, labeled S in the
Baselipre Report, to describe the effective movement of these Comparisons in
each matched set to fill the space left by the removed ineligible Original
Comparison. The eligible Original Comparisons were labeled O in the Baseline
report. Shifted Comparisons are more accurately referred to here as shifted
Original Comparisons to emphasize that they are not replacement Comparisons
and that they are the legitimate Original Comparisons for their respective
Ran~h Rands. Shifted Original Comparisons are not replacement Comparisons
because their invitation to participate in the study was not the result of a
previous refusal of another Comparison in their respective matched rets.
Shifted Original Comparisons were identified to reflect concern thet the
process by which Comparisons vere determined ineligible may not have dis-
tributed ineligible Comparisons uniformly.

Second, 30 replacement Comparisons were interviewed by Air Force staff
rather than by the contractor. These replacements were labeled A. All other
replacement Comparisons, labeled R, were simply called "replacements."

The removal of ineligible Comparisons from the study caused a pause in
the scheduling operation that delayed the scheduling of the shifted Original
and replacement Comparisons relative to that of the Original Compsrisons.
This scheduling delay is apparent in Figures V-3 and V-4 in the Baseline
Report. Some study investigators speculatzsd that this scheduling sli» might

cause shifted Original Comparisons and replacement Comparisons to self-select

differently from Original Comparisons. Statistical analyses in Chapter V of
the Baseline Report and further unpublished analyses following thé release of
the Baseline Report investigated the eftect of this sclieduling problam.

The Baseline Selection Bias Analyses

Since replacements were not health matched at Baseline to their corres-
ponding noncompliant Comparisons and since differertial scheduling opportu-
1nity may have created self-selection biases, statistical contrasts of the
various Comparison groups were done at Baseline. In particular, the Compari-
sons labeled ¢, S, R, and A were contrasted on the basis of self-perception
of health, medication use, work loss, and five clirical variables.
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The results of thesa analyses suggested to some investigstors that
shifted Original Comparisons were not statistically distinguishable from
Original Comparisons and that shifted Original Comparisonsz were not statis-
tically different from replacements, but that replacemen: Comparisons ap-
peared to be statistically different from Original Corparisons. The 30 Air
Force-intervievad replacement Comparisons were not statistically distinguish-
able from other replacement Comparisons and were not investigated further as
a group. Since opinions differed among Air Force principal jnvestigators and
statisticians, a management decision was reached tn use only the Original
Comparisons in the primary analyses and tn contrast Ranch Hands with all
Comparisons in the appendix of the Baseiire Repert. The reader is referred
to Chapter V of the Baseline Report for additional detail. In retrospect,
the concern with statistical distinguishability between replacement Compari-
sons and Original Comparisons is difficult to justify, since the only valid
question regarding the replacements is their similarity to the refusals whem
they replaced.

The Basciine Co!pliﬁnce Bias Acalyses

Telephone questinnnaire data obtained from the 57 noncompliant Compari-
sons, vho vere replaced, were not analyzed in thc Baseline Report. Instead,
compliance bias was aralyzed by contrasting partially compliant with fully
compliant participants, with adjustment for group (Ranch Hands, 0, S, R, A).
These analyses were based on data from the Baseline questionnaire regarding
self-perception of health, medication use, work loss. anger, anxiety, ero-
sion. depression, liver ailments, miscarriages, and acne. Results suggested
that partially compliant participants were statistically different from fully
compliant participants for some of these variables. Based on these results,
calculations were presented to suggest that the roncompliance bias could
produace an error in relative risk of Z5 percent, either overestimating or
underestimating the risk, and a spurious mean shift of up to 8 percent in
either direction. )

THE FIRST FOLLOWUP SCHEDULING AND REFLACEMENT GPERATION

Matching of replacements to noncompliant Comparisons on the basis of
health status was initiated with the first followup scheduling operation.
This was accomplished by administering a short telephone questionnaire to all
previously uncontacted Comparisons and then using their health status re-
sponses to select from among the Comparisons in a matched set the first one
vho vas similar to the refusal regarding self-perception of health. In addi-
tion, NORC was required to schedule raplacements within 5 working days of a
confirmed refusal. These features were intended to correct the described
Baseline scheduling deficiencies and to bring the study into Protocol
compliance regarding health matching of replacements.

To further minimize rhe possibility of scheduling bias, the entire study
population was partitioned into 79 groups; these groups were then randomly
scheduled for an examination time. In this way, no single group would be
favored a priori for a certain scheduling period. The groupings, consisting
of approximately 32 participants, corresponded to the examination grocups
established at Baseline. Group integrity was maintained to enhance study
compliance and comradery. Study participants were given the option to remain
withhtheir group or to reschedule their examination at a time more convenient
to tnem.
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FIKST POLLOWUF COMPLIANCE

Bighty five percent (1,016/1,191) of the Ranch Hanrds and 81 percent
(955/1,176) of the Original Comparisons participated in the first followup
examin: tio-. and questicn~aire process. Of 288 replacerenis, 267, or 93 per-
cent, cnose to attend the first followup examination; additionally, 71 new
replacements participated in the followup, yielding a totil sample size of
338 rerlacements at followvup. These counts and others ar® sumrariz=a in
Table 5-1. In Table 5-1 and subsequently in this report, the shifted Origi-
nal Comparisons wvere combined vith the Original Comparisons, and the Air
Force replacements werz combined with the replacement Comparisons.

TABLE 5-1.
Baseline Veisus First Followup Sample Sizes

Group
Comparison
Participation Ranch Hend Original Replacement
Baseline Only 74 64 21
Baseline and Followup 971 872 267
Followup Only 45 83 n

Alchough fully compliant at Baseline, 74 Ranch Hands, 64 Original Com-
_parisons, and 21 replacement Comparisons chose not to participate in the
first followup examination. In the interim, 1C of the 74 Ranch Handes and
i6 of the 85 Compariscns died. An additional 5 of the 74 Ranch Hands and
14 of the 85 Comparisons vere unlocatable during the scheduling cperation.
There vere 56 of 59 remaining Ranch Hands and 50 of 55 remaining Compar’sons
vhe refused to participate in the first follcwup, although they were alive

and locatable during scheduling, and responded to the noncompliance teiephone
questionnaire, giving their reported health status and reason fur nonpartici-
pation. The 3 remaining Ranch Hands and 5 Comparisons refused tc participate
in the telephone survey. Reasons for nonparticipation given in the telephone

survey are summarized in Table 5-2. The totals in Table 5-2 49 not
correspond to Table 5-1 because some participants gave more than one reason
for nonparticipation.

0f the 56 living locatable Ranch Hands and the 50 Comparisons who took
the ncncompliance telephone questionnaire, only 35 Ranch Hands and 42
Comparisons responded to the question regarding health status. The reported
health status of these 77 nonparticipants is summarized in Table 5-3.
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TABLE 5-2.
Q Reasors for Nomparticipeticz in the Pirst Followup
' of 56 Ranch Hands &nd 5C Compariaons Who Vere Fully
Compliaat &t Paselina®
Croup
Ranch Hand Cowparison
Reason Number Peccent Number Percant
Fear of Physical 0 0 2 4
Job Conmitment 13 i7 9 16
Dissatisfaction with USAF 10 13 9 16
No Time o: Interest 7 9 * 6 11
Travel Distance, Family 13 17 12 21
Confidentiality 0 0 1 2
Health Reasons 3 1 3 S
Passive Refusal 11 15 6 11
Dissatisfaction with 5 7 2 4
Baseline
Financizl Hardsaip 3 4 0 0
Other S 7 7 12
Total 75 57
i . *Some psrticipants gave more than one reason for nonparticipation.
TABLE 5-3.
Repoxted Health Status eof 35 Ranch Hands and
{2 Compariscona Tully Compliant a¢ Baseline and
Noncoapliant at Ficst Followup
Group
Rpeerza Eealth _Ranch Hand Comparison
Status Number Ferrnent Number Percent
Excellent 5 14 19 24
Good 22 63 2 52
Fair 6 17 8 19
Poor 2 6 2 5
Total 33 42
p-o- 72




among the individuals responding to the Lealth status question, there vas no
statistically siynificant diffeience betveen noncompliant Ranch Hands and
Comparisons regarding reportad health (p-Q.?Z).

Further detail regerding the 45 Ranch Hands, 83 Originals, and
71 replacenents nevly examined at followup is shown in Table 5-4, which gives
the Basaline stu’us of these participants. Taking the questionnaire but not
the physical examination at Baseiine vere 39 of the 45 Ranch Hands nevly
examined at followup. Five of the 45 Ranch Bands vho vere identified too
late to be invited at Baseline vere simply described as having hed "no
action" taken.

TABLE 5-4.
Baseline Status of Nevly Bxamined Participants

Group
Comparisons

Basaline Status Ranch Hand Original Replacesent
Intexviev Only, 39 61 32

Pefused Physical

Bxsuination ’
No Interviev, 0 10 11

No Phvsical

Examinstion
Unlocacable 0 1 3
No Actisn 5 11 16
Prex;, 1 0 0
Nev to Study 0 0 9

Total 45 83 71

Of the 7' nevly examined replacements, 43 (32+11) vere either partially
compliant at Baseline or vere at least contacted at Baseline and, therefore,
identified as replacements, zlthough not health matched to a noncompliant
Comparison. The remaining 28 nevly examined replacements vere rot previously
contacted. Of these, 14 vere health-matched replacements and 2 vere replace-
ment3 added to the study in August 1985 after completion oi the Baseline
physical examination. Thus, of the 71 replacements vho took the physical
examination for the first time at fol.owup, only 14 vere nev health-matcned
replacements. All 71 replacements may be regarded as nev to the study, even
though 43 had been previously contacted at Baseline and knev that they were
potential study participants. The 28 replacements who had not been
previously contacted may be regarded as nev in a more restrictive sense since
they did not know of their potential involvement in this study before they
vere recruited for the first followup examination. This set of 71 replace-
ment Comparisons and the subset of 28 are distinguished from each other using
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the unrestrictad and restricted definitions of "new" to provide data
regarding changes n replacement self-selection, an issue explored later in
this chapter.

PACTORS KNOWN OR SUSPECTED TO INFLUENCE STUDY PARTICIPATION

A multitude f factors may be considered to influence self-selection.
These may be broaildly classified as health, logistic, operational, publicity,
or demographic fa:tors. The Baseline Report contains a list of specific
factors vithin each of these categories. For example, health factors are
thought to include self-perception of health as well as demonstrable health
indicators, such as medication use and wvork days leost due to illness or
injury. Logistic factors are thought to include distance o0 the examination
site, reluctance to spend time avay from family or job, income, and
occupation. Demographic factors might include flying status, age, race, or
military duty status (active, retired, separated). Operational factors
include any aspect of study operation that may cause differential compliance,
such as differential treatment of participants during scheduling, physical
exanination, interview, or debriefing. Publicity factors have to do with
national attitudes and media presentations regarding the Agent Orange issue,
the Vietnam var, veteran health care, or health care in general. Addition-
ally, these considerations may affect people differently and, in particular,
may influence Ranch Hands differently than Compari:ons.

The decision to volunteer for this study is admittedly complex, making
statistical assessment of compliance bias difficult and necessarily crude in
that many of the factors contributing to self-selection cannot be measured
directly. Instead, compliance bias wvas investigated at first followup, as in
the Baseline Report. Specifically, it vas investigated vith respect to self-
perception of health, medication use, daily aspirin use, vork days lost due
to illnass or injury, and income in comparing partially compliant with fully
compliant participants. In other selection bias assessments, such as statis-
tical contrasts of Original and shifted Original Comparisons, these same
factors and 26 variables taken from the physical examination and psychometric
testing vere analyzed.

THE TELEPHONE SURVEY

In April 1985, all previously uncontacted living Comparisons were
identified for telephone contact to assess their current health. This health
status information vas necessary for the matching of replacements to noncom-
pliant Comparisons. From a total of 9,982 available Comparisons, 7,963 wvere
included in the telephone survey. The 2,019 nonselected Comparisons included
488 deceased, as of 1 August 1985, and 1,531 vho had been previously con-
tacted. The group of 1,531 previously contacted Comparisons comprised all
Co-pgzisons vho vere fully compliant, partially compliani, or noncompliant at
Jaseline.

The survey questionnaire is.shown in Appendix D. In brief, it queried
the respondent  regarding self-perception of health (excellent, good, fair,
poor), current prescribed medication use (yes, no), work days lost due to
illness or injury, special health care needs (vheelchair, nurse, or other
special equipment), #nd income (less than $20,000, $20,000 to $40,000, or
more than $40,000). If the respondent indicated that he vas taking




prescribed medication, he was asked to identify the illness for which the
medication was prescribed. If work days were lost due to illness or injury,
the respondent was asked to identify the causing illness or injury. If
special health care or equipment was needed, he was asked to specify the
illness or condition requiring the special care. He was further asked to
distinguish conditions requiring special care from those that wer: previously
identified in response to the medication and days iost from work questions.
The telephone interview was accomplished via CATI.

0f the 7,963 cases fielded, 7,411 telephone surveys were actually
completed The nature of the 552 noncompletions is summarized in Table 5-5.

TABLE 5-5.

Summnry of Reasons for Noncompleted Telephone Intervievs

Reason Number Percent of 7,963
Deceased 26 0.3
Active Refusal 93 1.2
Passive Refusal 242 3.0
Unlocatable 190 2.4
Ineligible 1 0.0

Total 552 6.9

Several questionnaires that could not be administered by telephone were
accomplished by mail; these numhered 3540 out of the 7,411 completed. Sum-
maries of the responses to each of the five questions are shown in Table 5-6.

0f the 1,271 respondents wvho reported that they had lost work days due
to illness or injury, 530 (43X) lost 1 to 5 days, 197 (15X) lost between
6 and 10 days, and 524 (41X) lost more than 10 days. The maximum number of
days reported lost was 965. The 56 respondents who reported more than
180 days lost misinterpreted the question; it referred only to the past
6 months.

The telephone interviewer reported whether the respondent was friendly,
cooperative but not interested, impatient, or hostile. The association
between the interviewer’s remark and the self-reported health of the
respondent was investigated. The results are displayed in Table 5-7. The
association between the interviewer’s remark and reported health status is
statistically significant (p=0.02), with hostile repondents reporting poorer
health than friendly, cooperative, or impatient respondents.

Other analyses of these data, not shown here, demonstrated significant
associations between health perception and income (p=0.001), rank (p=0.001),
age (p=0.001), medication use (p=0.001), an¢ need for special health care
(p=0.001). Positive health perception increased with income and rank and




TABLR 5-6.
Summary of Results to the Telephone Questionnaire

Self-Assessment ¢f Health Compared to Others Same Age

Response Nuvmber Percent
Excellent 2,882 38.89
Good 3,306 44.61
Fair 972 13.11
Poor 245 3.31
Do Not Know 3 0.04
Missing 3 0.04

Total 7,411 100 0

Taking Medication for Current Illness

Response Number Percent
Yes 2,129 28.73
No 5,277 71.20
Refused 1 0.01
Missing 4 0.05

Total 7,411 100.00

Illness or Injury Absence From Job During Last 6 Months

Response Number Percent
Yes 1,271 17.15
No 6,135 82.78
Refused 3 0.04
Missing 2 0.03

Total 7,411 100.00
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Summary of Results to the Tglephom Questionnaire

TABLR 5-6. (continued)

Need Assistance in Daily Activities

Response Number Percent
Yes 114 1.54
No 7,291 98.38
Refused 4 0.05
Missing 2 0.03

Total 7,411 109.0C

Earnad Incore From Any Job During 1984

Response Number Percent

Yes 6,636 89.54

No 755 10.19
Refused 17 0.23
Missing 3 0.04
Total 7,411 100.00

Income Level

Response Number Percent
Less than $20,000 2,015 27.19
$20,000-$40,000 3,034 4%0.94
More than $40,000 1,411 19.04
Not Applicable 774 10.44
Refused 161 2.17
Do Not Know 9 0.12
Nissing 7 0.10
Total 7,411 100.00
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TABLR 5-7.

Contrast of Interviewer’s Remark from Telephone Interviews
and Reported Health Status

Reported Health Status

Remark Excellent Good ' Fair Poor Total

Per- Per- Per- Par- Per-
Number cent Number cent Number cent Number cent Number cent

Friendly 2,209 39 2,476 44 730 13 191 3 5,606 76
Cooperative 622 38 755 46 229 14 44 3 1,650 22
Impatient 42 40 48 45 10 9 6 6 106 1
Hostile 9 21 27 63 3 7 4 9 43 0
Total 2,882 39 3,306 45 972 13 245 3 7,405
p-o . 02

decreased vith age, medication use, and sgpecial health care. Further, there
vas no significant association betveen healtl: perception and the duration of
the telephone interview (p=0.17) or the time of day of the interview
(p=0.98). There vas no significant health-by-duration-by-time of day inter-
action (p=0.77).

These data vere also used to assess the self-reported health of
773 Original Comparisons (excluding shifted Original Comparisons) fully
compliant at Baseline relative to the reported health of the 7,411 previously
uncontacted Comparisons who completed the telephone survey. The self-
reported health status of the Original Comparisons from the Baseline ques-
tionnaire vas contrasted wvith that of the previously uncontacted Comparisons
on a three-category scale (excellent, gnod, fair/poor) with an adjustment for
date of birth (born during or before 1942, born after 1942). The results are
displayed in Table 5-8. Previously uncontacted Comparisons vho completed the
survey are indicated by T (telephone); Originsl Comparisons are labeled O.
Data are missing for 12 Original Comparisons and 16 telephone-surveyed
Comparisons.

There wvas no statistically significant difference betwveen these groups
regarding health perception after adjustment for age (p=0.14), and this
equivalence did not change with age (p=0.80). Additionally, there was a
statistically significant age effect (p=0.001), as expected. These results
suggested that the Original Comparisons were representative of the entire
Comparison cohort with respect to health pcrcception.
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TABLE 5-8.
Self-Reported Health of Previously Uncontacted Comparisons,

in 1986, Versus Self-Repotr.ed Fealth Status of
Original Comparisons at Baseline

Health Perception

Excellent Good Fair/Poor
Age Group* Number Percent Number Parcent Number Percent Total
Born >1942 T 1,847 39 2,003 43 837 18 4,687
0 203 39 239 46 83 16 525
Born <1942 T 1,034 38 1,298 48 376 14 2,708
0 91 -39 120 31 25 11 236

*T « previously uncontacted Comparisons
0 = Original Comparisons.

REPLACEMENT COHMPARISONS VERSUS THE NONCOMPLIANT COMPARISONS THEY REPLACRD

_ Baseline Replacement

These analyses are refinements of the analyses in Chapter V of the
Baseline Report. Of 288 Comparisons replaced at Baseline, only 57 responded
to the short noncompliance telephone questionnaire shown in the appendix.
These 57 comprised 32 Original Comparisons and 19 replacements. As in the
follovup telephone survey, the short noncomplisnce telephone questionnaire
queried rospondents on health status, work days lnst due to illness, medica-
t‘on use, and income level. In accordance with the Protocol, replaceaents
vere statistically contrasted with the noncompliant Comparisons they replaced
based on their reported health status (excellent, good, fair, poor), medica-
tion use (yes, no), and income level (less than $20,000, $20,000 to $40,000,
more than $40,000). This contrast, wvith adjustment for group rembership
(Original, replacement) of the noncompliant Comp=rison, is shown in
Table 5-9.

There wvas no significant difference Letween the reported health patterns
in the upper and lover panels of Table 5-9. Vhen these tvo tables vere
merged, no statistically significant difference was found between the health
status of noncompliant Comparisons and their non-health-matched replacements
(p=0.99). It is noteworthy that 53 percent of Original and replacement non-
compliant Comparisons vere matched, by chance, perfectly to their replace-
ments -n the basis of reported health status. Only 7 percent (4/57) were
mismatched by two categories and one replacement was mismatched by three
categories.

These same groups were contrasted on medication use; the results are
shown in Table 5-10. ‘
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TABLE 5-9.
. Noncompliant Original Comparisons and Replacesent
Couparisons Vsreus Their Baseline Replacements:
Reported Bealth Sigtue =t Raseline
Health Status of Replacements
Health
Gzoup Status Bxcellent Good Fair Poor Total
Noncompliant Excellent 13 4 2 0 19
Original Good 9 7 0 0 16
Comparison Fair 1 1 0 0 2
Poor 1 0 0 0 1
Total 24 12 2 0 38
Noncoupliant Bxcellent 7 5 0 0 12
Raplacement Good 3 3 0 0 6
Fair 1 0. 0 0 1
Poor 0 0 0 0 0
Total 11 8 0 0 19
“I’ TABLE 5-10.
Noncompliant Original Comparisons and Replacement
Comparisons Versus Their Baseline Replacements:
Medication Use at Baseline
|
| Medication Use
; of Replacements
Medication
’ Group Use Yes No Total
|
\
Nonccmpliant Oviginal Yes 0 4 4
Comparison No 3 K 34
Total 3 35 38
Noncompliant Replacexent Yes 0 1 1
No 1 17 18
Total 1 18 19
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Due to sparseness these data veres not anslyzed. It is interesting to note,
hovever, that there was 82 percent ggreement in the upper panel of Table 5-9
(31/38) and 89 percent in the lover pesnel (17/19), with 84 percent agreement
in the combined table (48/57}, close to expected vithin group percentages of
83 and 90 percent, respectively, due purely to chance.

Vork loss vas not analyzed due to sliglit diffevencas betveen the way the
vork loss question vas vorded in the noncompliance telephone and telephone
survey questionnaires.

The contrast regarcing income level is shown in Talle 5-11.

TABLE 5-11.

Noncoapliant Original Comparisons and Replacement
Comparisons Versus Their Baseline Replacemeats:
‘ Income at Baseline

Income Level of Replacements
(in thousands)

Income
-Group Level <$20 $20-840 >$40 Total
Noncompliant <$20 1 3 0 4
Criginal Comparison $20-840 6 6 3 15
>$40 0 7 6 13
Total 7 16 9 32*
Noncompliant <$20 0 0 2 2
Raplacement $20-840 1 7 0 8
‘ >$40 1 3 5 9
Total 2 10 7 19
*Six noncompliant Original Cc ‘arisons vere unwilling to respond.
The patterns of income matching in the first and second panels of . 5-11

vere not significantly different (p>0.10). In the combined table, replace-
ments reported significantly lover income than the Comparisons they replaced
(p<0.05) although 49 percent (25/51) were perfectly catagorically matched.

These analyses suggested that the Baseline replacements vere very
similar to the noncompliant Comparisons they replaced ragarding reported
health status, medication use, and income. These analyses were also
pertinent to the question of whether there was selection bias due to
noncompliance in the Comparison group. The predcminantly negative findings
suggested that there was little or no Comparison selection bias. These
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results suggested that the upper-bound bias calculations reported in

Chapter V of the Baseline Report are overestimates of reality. Howaver, lack
of clinical data for the noncompliant Comparisons precluded refining those
Baselina bias calculations at this time. "Accordingly, the Baseline selection
Vias caiculations =ay be vieved as crude bounds to an unknown bias that must
avait future data for proper recalculation.

First Followvup Replacement

Replacements vers matched to noncompliant Comparisons at first followup
oi the basis of the matching variables--date of birth, race, and occupation--
and self-reported health status (excellent, good, fair, poor), as recorcded in
the telephone survey. This vas accomplished by recording the self-repnrted
health status of the noncompliant Comparison during the attempt to schedule
and matching that status against those of the other Comparisons in the same
matched set. A Comparison in a matched set was considered to replace a non-
compliant Comparison if he had the same health status as that recorded for
the noncompliant Comparison during the attempt to schedule him. If no
wvilling Comparison reporting the same health status could be found in the
matched set, health status was dichotomized to excellent or good versus fair
or poor. A willing Comparison vith the same health status as the refusal zn
the dichotomized scale vas then accepted as a replacement. If no willing
Comparisen could be found using the dichotomized scale, attempts to find a
replacement vere terminatad.

During this process, 14 Comparisons were health matched to noncompliant
Compariscns. The results are summarized in Table 5-12.

TABLE 5-12.
PBealth Status of Refusals and Their Matched Replacements

Refusal’s Health

Replacement’s

Health Excellent Good Fair Poor Total
Excellent 1 2 0 0 3
Good 5 6 0 0 11
Fair 0 0 0 0 0
Poor 0 0 0 0 0
Total 6 8 0 0 14

All refusals reported good or excellent health. Th.s implied that bias due
to non<nmpliance in the Comparison group could possibly bias the study awvay
from finding an herbicide effect. The inclusion of health-matched
replacements tended to correct for this by replacing healthy noncompliant
Comparisons with healthy replacement Comparisons. The relatively small
number of newv health-matched replacements minimized the actual effect of this
bias "correction," however.
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SCHEDULING AT FIKST FOLLOWUr

The schedulers were requirad to find and schedule a willing health-
matched replacement within 5 workhing days of a confirmed refusal io correct
scheduling differences experienced at Baseline. This constraint proved
impractical to implement since Comparisons would vacillate, forcing a series
of repeated telephone calls. Rather than terminate the prccess at 5 days, as
required by the contract, the schedulers continued their recrulting attempts,
sometimes for several months. Hence, nev health.matched replacements were
brought into the study much later than other participants.

The percent completing the physical sxamination by calendar date is
plotted in Figure 5-1 for all Ranch Hands, Original Comparisons, and sll
Comparisons. -

The corresponding piot rur Ranch Hands, Uriginal Comparisons, old
regplacements, and the 28 restricted new replacement Comparisons is shown in
Figure 5-2.

Additioially, schedulers experienced reticence and vacillation with
othe - “'mparisons being scheduled for the first time. Ia particular, as a
gro', che 71 unrestricted nev replacement Comparisons were also scheduled
later than other participants. Figure 5-3 shows the percent of Ranch Hands,
Original Comparisons, "old" Comparisons, and the 71 unrestricted newly
examined replacement Comparisons completing the physical examination by
caiendar date.

During the scheduling for the 1987 followup examination, schedulers will
attempt to schedule healch-matched replacements within 15 working days of a
refural.

NEV REPLACEMENTS VERSJS GLD REPLACEMENTS

Another statistical issue of concern is the homogeneity of the replace-
mert Comparisons. The validity of the study might be compromised if, for
examplo, newly admitted replacements had self-selected themselves into the
study differen:ly than previously admitted replacements. This kind »of
difference may occur due t¢ changes in public opini-~n regarding the Agent
Orange issne, the national political climate, changes in national opinion
regardirg health care, changes in the location of the examination site. or a
combination of these and other factors. This issue vas addrossed by
comparing nev with old replacements on a variety of endpoints with adjustment
for the matching varizvles. Blacks vwere deleted from the analyses.

Two seprrate series of analy-es were performed, one for each of cthe two
kirds of new replacements (unrestricted and restricted) defined earlier.
Pirst, vnrestricted nev replacements were identified as the 71 replacements
vho were examined for the first time at first followup, regardless of their
compliaace at Baselire. Second, analyses were restricted to the 28 replace-
ments who were examined for the first time and who had never been contacted
kefore the first followup; these were called restricted new Comparisons. In
each of the two series of nev rep.acement analyses, all replacements not
satisfying the definition of "new" are included by referriig to them as "old"
replacements, All "old" replacements were at least contacted at Baseline and
vere.rully ~ompliant at first followup.
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In each of the tvo series of analyses, nev and old replacement
Comparisons vere contrasted on health perception (excellent, good, fair, or
poor), medication use (yes, no), vork loss (yes, no), and daily use of
aspirin (yes, no). Blacks vere deleted from all analyses. New and old’
replacements vere then contrasted on 20 ci.. ical determinations from the
first followup examination. Table 5-13 shows tvo cross-classifications of
313 nonblack replaceaments, from a total of 338 replacements fully compliant
at first followup, by group (old, nev) and reporied health status.

In the unrestricted sense, the reportzd health st .tus of nev and old
replacements differed significantly (p=0.04), with nev replacements reporting
more fair or poor health than old replacements. In the restricted sense, the
difference betveen nev and old replacements vas statistically significant
(p=0.001), with nev replacements tending to declare themselves of fair or
poor health rore often than old replacements.
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The same groups were contrasted on medication use; the results are shown
in Table 5-14. The difference between old and nev Comparisons under the
unrestrict2d definition was not statistically significant (p=0.16) as regards
nedication use. The difference between o0ld and newv Comparisons under the
restricted definition was, however, statistically significant (p=0.003).

This difference was due to the higher reported medicaticn use of the 26 non-
black nev replacements not previously contacted.

Newv and old replacements were contrasted on work loss due to illness;
the results are shown in Table 5-15.

Reported Health Status of Nonblack Nev and 0ld
Replacements, According to Two Definitions of "New"

Unrestricted ) Restricted
01ld New 0ld New
Health Number Percent Number Percent Number Percent Number Percent
Excellent 142. 36 30 49 161 56 11 42
Good a1 36 20 33 103 36 8 31
Fair/Poor 19 8 11 18 23 8 7 27
Total 252 61 287 26
p=0.04 p=0.001
TABLE 5-14.
Reported Medication Use of Nonblack Nev and 0ld
Replacements, According to Tvo Definitions of "New"
Unrestricted Restricted
0ld New o New
Medication Number Percent Number Percent Number Percent Number Percent
Yes 30 12 12 20 33 11 9 35
No 222 88 . 49 80 254 89 17 65
Total 252 61 287 26
p=0.16 p=0.003

LA
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TABLE 5-15.

Reportad Tork Loss cf Noablack New and 0l1d
Replacements, According to Tvo Definitions of "New"

Unrestricted Restricted
0ld New 0ld New
Vork Loss Number Percent Number Percent Number Percent Number Percent
" 28 47 19 12 20 54 19 5 19
No 205 81 49 80 233 81 21 81
Total 252 61 287 26
p=0.99 p=0.99

The difference between nev and old replacements regarding work loss
under the unrestricted or restricted definition was not statistically
significant (p=0.99 and p=0.99, respectively).

Results of a similar contrast on deily aspirin usage are shown in
Table 5-16. The difference between new and old replacements regarding daily
use of aspirin under the unrestricted or the restricted definition wac not
statistically significant (p=0.99 and p=0.75, respectively).

It is notevorthy that the differences for general health and medication
use did rot occur for work loss and daily aspirin usage, suggesting that some
participants may have over-reported when asked less specific questions about
their health. .

MNev and old replacement Comparisons vere also compared on 20 clinical
and psychometric variables measured during the »nhysical examination and
psychological testing. These 20 variables are a subset from 26 selected from
among an entire collection of nearly 200 endpoints in this study by requiring
rear statistical independence within and between organ systems. Variables
selection was accomplished by screening the correlation matrices of variables
as an en*ire set and separately vithin each organ system, including examining
partial correlations between single variab’es and linear combinations of
other variables within organ systems. Identified first were 10 variables
wvith pairwise correlations less than 0.10 in absolute value. This was fol-
loved by identification of 16 additional variables with pairvise correlations
between 0.10 and 0.20 in absolute value, making a total of 26 variables.
These variabic selection screens were accomplished on Baseline data for 1,154
nonblack fully compliant Comparisons subsequent to publication of the
Baseline Report. The complete set of 26 dependent variables selected as
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TABLE 5-16.

Reported Daily Aspirin Usage of Nonblack Nev and 0ld
Replacements, According to Two Definitions of "New"

Unrestricted . Restricted

0ld New 0ld New

T ——

Aspirin Usage Number Percent Number Percer:t Nimber Percent Number Percent

Yes 182 73 yA 7% 206 72 20 77
No 69 27 17 28 80 28 6 23
Total. 251 61 286 26
p=0.99 p=0.75

nearly statistically independent is shown in Table 5-17. The Baseline
correlation matrix of these 26 variizbles as determired on the entire
Comparison data set ic shown in Table L-1 of Appendix D. It is recognized
that relative statistical indeperdence of thess variables does nct imply
biological independence of these variables.

These 26 variabies verz intended to serve as the basis for statistical
contrasts of Original Compariscns, shifted Original Comparisone, and
replacement Comparisons in the decision regarding the inciusion of shifted
Original Comparisons and replacement Comparisons in the primary analyses.
Generically, the analyses first compared two groups on each of the
26 variables with adjustment for rank (officer, enlisted), age a: Baseline
(40 or under, over 40}, occupation {cfficer flyer, officer 1onflying,
enlisted flyer, enlisted groundcrev), and race (Biack, nonblack). Blacks
vere deleted from the analysis. The total number of significant differences
on the first set of 10 dependent variables was used as the basis for a
decisivun regarding group difference. These 10 analyses wnre assumed to be
10 independent repetitions of a Bernoulli trial with probability of 0.05 of
success iinder the null hypothesis that there were no group differences for
any of the 10 variables. The probability of observing three or more
successes in 10 independent repetitions of a Bernoulll trial, with
probability of 0.05 of success, is 0.912. The entire set of 26 analyses was
then assessed to test the hypothesis of group equality. The probability of
4 or more successes in 25 Independent repetitions of a Bernoulli trial, with
probability of 0.05 of succesz, is 0.039. Thase 2 critical values, both
probabilities below 0.05, were used to assess the analyses on the 10 and on
the 26 sele-ted variables.
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TABLE 5-17. Twenty-Six Dependent Variables Selected as Nearly
Statistically Independent With the Use of Baseline Data

Variables Having Pairvise Absolute Correlations Less Than 0.10

Total Bilirubin (TBILI)

Diastolic Blood Pressure (DBP)

Vhite Blood Cell Count (WBC)

Skin Index (SKIN)

MMPI Depression Scale (MMPID)

Blood Urea Nitrogen (BUN)

Urine Specific Gravity (USG)

Pulse Index (PULSE)

Nerve Conduction Velocity Above the Elbow (NCVE)
Semen Count (SEMEN)

Variables Having Pairwise Absolute Correlations Greater Than 0.10
end Less Than 0.20

Red Blood Cell Courit (RBC)

FEV1/FVC (PULM)

Glucose (GLUC)

Electrocardiogram (ECG)

Platelet Count (PLAT)

Full IQ (IQ)

Central Nervous System Index (CNS)
Nerve Conduction Velosity Above the Ankle (NCVA)
Cholesterol (CHOL)

Alkaline Phosphatase (ALKPHOS)
Coproporphyrins (COPRO)
Delta-Aminolevulinic Acid (ALA)
Thyrold T, (T4)

Testosterone (TBST)

Sedimentation Rate (SED)
Gamma-Glutamyl Transpeptidase (GGTP)
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The statistical issue of how to account for the many interactions in the
26 separate analyses vas not resolved during or since the first application
of this method. Only the group main effect vas regarded as the basis for
determining wvhether a particular analysis was a success.

At first followup, onl, 20 of the 26 variables were measured. The six
variables not measured were the two-nerve conduction velocities (NCVE, NCVA),
semen count (SEMRN), FEV1/FVC (PULM), full IQ (IQ), and delta-aminolevulinic
acid (ALA). New and old replacements vere contrasted on each of the
remaining 20 variables via the general linear mndel and log-linear model.
The variables--skin index (SKIN), pulse index (PULSE), electrocardiogram
(BCG), and central nervous system index (CNS)--were analyzed as dichotomous
variables, vith each being scored abnormal if any of its components were
abnormal. All others were analyzed as continuous variables. The correlation
matrix of the 20 variables, based on 1,210 nonblack Comparisons fully
compliant at first followup, on first followup data is shown in Table D-2 of
Appendix D.

The results of these analyses contrasting nev versus old replacements
vith "nev" following the unrestrictive definition and Blacks removed from the
analyses are shovn in Table 5-18. There vere 61 nonblack new :z2placements
and 251 nonblack old replacements. In some analyses, the dependent variable
vas transformed to better approximate normality. Unadjusted means are
presented vhen there is a significant interaction involving group.

The probability of observing 2 or more successes in 8 independent
repetitions of a Bernoulli trial, with probability of 0.05 of success, is
0.057. In viev of the resuits for the first 8 dependent variables in
Table 5-18, nev and old replacements appeared to be statistically indis-
tinguishable. The probability of observing 3 or more successes in 20 indepen-
dent repetitions of a Bernoulli trial, with probability 0.05 of success, is
0.075; the probability of 4 or more is 0.016. Recognizing the slight corre-
lations betveen the dependent variables in the lower panel of Table 5-18, and
the results of the analyses, new and old replacements again appeared to be
statistically indistinguishable.

The same analyses were conducted to contrast nev and old replacement
Comparisons, with "new" defined in the restrictive sense. The results are
shown in Table 5-19, vith the same notations as Table 5-18.

The same binominal critical values, 2 for the first panel and 4 for the
entire set of 20 analyses, and the results shown in Table 5-18 indicated that
there wvas no statistical difference between the 26 nonblack new replacements
and the 287 nonblack old replacements.

The negative findings shovn in Tables 5-18 and 5-19 suggested very
strongly that there has been no change in the way replacements self-select
for entry into this study.

ORIGINAL COMPARISONS VYERSUS SHIFTED ORIGINAL COMPARISONS

The removal of ineligible Comparisons early in the Baseline scheduling
operation resulted in the exclusion of approximately 18 percent of all
Comparisons from tne study. Since some of these ineligibles had been
randomized as Original Coxparisons, some previously randomized Comparisons
vere allocated to the positions vacated by the removed. original Comparisons
and, thus, vere referred to as shifted Original Comparisons.
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TABLE 5-18.
Summary Results of Unrestricted Nev Versus 0ld
Nonblack Replacements Contrasted on 20 Variables

Replacement Group Means*
(Percent Abnormal)

Variable : Significant
(Transformation) 0ld New p-Value Interactions

Variables With Absolute Pairwise Correlations lLess Than 0.10

TBILI (LOG) 0.76 0.76 NS
DBP (SQRT) 79.17 79.51 NS
VBC (LOG) 7.06 7.13 NS
SKIN " (54.0) (49.2) NS
MMPID (LOG) 56.21 57.19 NS
BUN (SQRT) 14.15 13.79 NS
UsG 1.014 1.014 NS
PULSE (16.7) (11.5) GRP*0OCC, GRP*AGE

Variables With Absolute Pairwise Coffelarion Between 0.10 and 0.20

RBC 5.00 5.00 GRP*QCC*AGE
GLUC (LCG) 109.31 101.33 NS

ECG (15.5) (13.1) NS

PLAT (SQRT) 269.3 275.0 NS

CNS (2.8) (5.0) NS

CHOL (SQRT) 212.7 208.8 NS

ALKPHOS (LOG) 87.9 87.10 GRP*0CC
COPRO (SQRT) 116.9 122.6 0.03

T4 7.51 7.94 NS

TEST (SQRT) §01.4 605.3 NS

SED (LOG) 4.17 4.93 GRP*OCC*AGE
GGTP (LOG) 31.06 29.77 GRP*AGE

*All means are expressed in original units.

NS: Not significant (p>0.05)
LOG: Analysis performed on logarithmic scale.
SQRT: Analysis perfo.med on square root scale.

GRP: Group

0CC: Occupation
AGE: Birth year (Age)
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TABLE 3-19.

Summary Results of Restricted Nev Versus 0ld
Nonblack Replacesents Contrasted on 20 Variables

Replacement Group Meansg*
__(Percent Abnormal)
Variable Significant
(Transformation) old Nev p-Value Interactions

Variables With Absolute Pairwvise Correlations Less Than 0.10

TBILI (LOG) 0.76 0.75 NS
DBP (SQRT) 79.44 76.98 NS
WBC (LOG) 7.01 7.91 NS
SKIN . (52.3) (61.5) NS
MMPID (LOG) 56.11 59.73 NS
BUN (SQRT) 14.02 14.75 NS
UsG 1.014 1.013 NS
PULSE (15.3) - (19.2) NS

Dependent Variables With Absolute Pairvise Correlation Between 0.10 and 0.20

RBC 5.01 4.90 NS
GLUC (LOG) 108.8 95.86 €.007
ECG (14.3) (23.1) GRP*AGE
PLAT (SQRT) 270.5 271.56 NS
CNS (2.8) (7.7) NS
CHOL (SQRT) 212.5 205.6 : NS
ALKPHOS (LOG) 87.75 87.72 NS
COPRO (SQRT) 117.8 120.5 NS
T4 7.56 8.00 NS
TEST (SQRT) 601.2 612.6 NS
SED (LOG) 4.15 3.37 0.03
GGTP (LOG) 31.23 25.41 NS

*All means are expressed in original units.
NS: Not significant (p>0.05).

LOG: Analysis performed cn logarithmic scale.
SORT: Analysis performed on square root scale.

5-25




Fully compliant Original and shifted Original Comparisons were compared
in the Baseline Report with respect to rep~nrted health status, medication
use, and vork loss. Group differences for health status were significant
(p=0.001) but ware not so for medication use or for work loss; the shifted
Original Comparisons tended to report themselves in poorer health than the
Original Comparisons but were statistically equivaient to the Originals
regarding medication use and work loss.

Fully compliant Original and shifted Original Comparisons wvere
contrasted at first followup on reported health status, wvork loss, medication
use, and daily use of aspirin. As in the Baseline Report, these analyses
vere done for only nonblack Comparisons.

The results of the contrast of Original and shifted Original Co-pariéons
on reported health status are shown in Table 5-20. Here, health status is
evaluated on a three-category scale (excellent, good, fair/poor).

. The group differénce between Original and shifted Original nonblack
Comparisons regarding reported health status vas not significant (p=0.30).

The results of the contrast of Original versus shifted Original
Comparisone on medication use are shown in Table 5-21. The group difference
betveen Original and shifred Cviginal nonblack Comparisons ragardiing
medication use was not significant (p=0.68).

The results of the contrast on wvork loss are shovn in Table 5-22. The
group difference betveen nonblack Original and shifted Original Comparisons
regarding work loss vas not significant (p=0.82).

The results of the contrast on daily aspirin usage are shown in Table
5-23. The group difference between (Original and shittad Original nonblack
Comparisons regarding daily aspirin usage 'ras not significant (p=0.98).

Fully compliant Original and shifted Original nonblack Comparisons were
also contras:ed on each of the full set of 26 nearly uncorrelated variables
shown in Table 5-17 on Baseline data. The results are showvn in Table 5-24.

Sedimentation rate (SED) was analyzed as a categorical variable with
values low (0-1), medium (2-3), and high (3-4). The percents of Original
Comparisons vithin these categories were 35.8, 33.1, and 31.1 percent,
respectively; the shifted Original Comparison percents were 30.8, 36.3, and
32.9, respectively. The probability of observing 3 or more successes in
1G independent repetitions of a Bernoulli trial, with a probability of 0.05
of success, is 0.0115. The probability of observing 2 or more is 0.0861.
Based on these critical values and the results shown in the upper panel of
Table 5-24, there appeared to be no statistical difference between Original
Comparisons and shifted Original Comparisons.

The probability of observing 4 or more successes in 26 independent
repetitions of a Bernoulli trial is 0.039. The probability of observing at
most £ successes in 26 independent repetitions of a Bernoulli trial, with
probability 0.05 of success, is 0.86. Based on these critical values and the
known slight correlation of the 16 dependent variables in the second panel of
Table 5-19, these results suggested that Original and shifted Original
Comparisons are not statistically distinguishable.
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TABLE 5-20.
Reported Health Status of Fully Compliant Original and

Shifted Original Nonblack Comparisons:
First Followup

Original Comparison Group

Shifted
Original Original

Reported
Health Number Percent Number Percent Total p-Value
Excellent 387 52 76 51 463 0.30
Good 307 41 68 45 375 .
Fair/Poor 53 7 6 . 4 59

Total 747 150 897

TABLE 5-21.

Medication Use of Fully Compliant Original
and Shifted Original Nonblack Coaparisons:
Pirst Pollowup

Original Comparison Group

Shifted
Original Original
Medication = =
Use Number Percent Number Percent Total p-Value
Yes 102 14 23 15 125 0.68
No 645 86 127 85 772

Total 747 150 897

5-27




TABLE 5-22.
Vork Loss of Fully Compliant Original

and Shifted Original Nomblack Comparisons:
First Followup

Original Comparison Group

Shifted
Original Original
Vork Loss Number Percent Number Percent Total p-Value
No 631 83 116 82 747 0.82
Yes 125 17 25 18 150
Total 756 " 141 897
TABLE 5-23.
Daily Aspirin Use of Fully Compliant Original
and Shifted Original Nonblack Comparisons:
First Followup
Original Comparison Group
Shifted
Original Original
Daily Aspirin )
Use Number Percent Number Percent Total p-Value
Yes 529 71 107 71 636 0.98
No 218 29 43 29 261
Total 747 150 897.
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Summary Results of Original Versus Shifted

TABLE 5-24.

Original Nonblack Comparisons on 26 Variables at Baseline

Original Comparison Group
Means* (Percent Abnormal)

Variable

(Transformation) Original

Snifted
Original

p-Value

Significant
Interactions

Variables With Absolute Pairwise Correlations Less Than 0.10

0.61
78.95
7.18
(43.8)
58.40
13.76
1.0205
(8.9)
55.88
72.8

GRP*QCC*AGE

Vaciables Vith Absolute Pairwise Correlation Between 0.10 and 0.20

634.3

given i~ text

TBILI 0.61
DBP 80.46
WBC 7.52
SKIN (37.5)
MMPID 56.25
BUN 14.26
UsG 1.0209
PULSE (10.7)
NCVE 56.26
SEMEN [1.:G) 77.4
RBC 5.20
PULM 0.80
GLUC (LOG) 97.4
ECG (27.6)
PLAT 270.6
IQ 108.6
CNS (23.7)
NCVA 48.17
CHOL 220.7
ALKPHOS 7.84
COPRO (LOG) 31.1
ALA 2,497.0
T4 8.42
TEST 634.6
SED

GGTP (LOG) 38.43

35.53

NS
NS
NS
NS
NS
NS
0.02
0.01
NS
NS
NS
NS
NS
NS
NS
NS

*All means are expressed in origir :l1 units.
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Taken together, the results displayed in Table 5-24 very strongly
suggested that Original end shifted Original Comparisons did not differ
statistically at Baseline.

These analyses wvere repeated on the 20 available variables at the first
follovup. The results are shown in Table 5-25.

The results in the first and second pansls of Tale 5-25 and the
binomial critical values given above suggested that no statistical difference
vas present betwz2en the Original and shifted Original Comparisons.

A single multivariate linaar regression analysis was done on the
20 dependent variables shown in Table 5-25; no significant interactions
involving group (Original, chifted Criginal) were noted and the siroup effect
vas not significant (p=0.28). Taken together, these analyses strongly
suggested that thers wvas slso no statistical difference between Uriginal and
shifted Original Comparisons at first followup.

PARTTALLY COMPLIANT VERSUS FULLY COMPLIANT PARTICIPANTS

Ideally, compliaance bias should be assessed by comparing the health of
noncompliant and fully compliant participants with adjustment for group
(Ranch Hand, Comparison) ard the matching variables. The only information
available on the noncompliant participants, howvever, is their responses to
the health atatus questions, if they were willing to answer them, during the
telephone conversation in vhich they refused to participate in the study.
Noncompiiant Comparisons were contrasted with their Baseline replacements
(see noncompliance telephone questionnaire data, Tables 5-9 to 5-12). 1In
addition, as in the Baseline Report, selection bias vaes studied by
contrasting partially compliant vith fully compliant participants with
adjustment for groap (Ra.ch Hand, Comparison). Taking the Baseline
questionnaire at followu; but refusing to take the physical examination or
followup questionnaire wvere 9 Ranch Handc and 30 Comparisons vho vere either
nonlocatable or noncompliant at Buseline. These 39 men were the only
partially compliant participants at first followup. Their Basel’ne
compliance is summarized in Table 5-26.

One ¢f these individuals, a Ranch Hand with no interview, no physical,
and no telephone interviev, was Black. The iabel "no action" indicates that
these individuals were not contacted because the Baseline contract expired.
Individuals labeled "new Comparisons” vere added to the ytudy after the
Baseline examination but before start of the first followup.

Data from these 3% partislly compliant participants were statistically
compared with similar data froa fully compliant participants with adjustment
for group (Ranch Hand, Comparison). ‘This is shown in Table 5-27. Endpoints
eveluated vere reported health, medication use, and work loss. These
analyses are similar to those reported in Table V-15 of the Baseline Report.
Reported health status was collapsed to tvo categories (excellent,
good/fair/poor) due to sparse data. One Black participant, a Ranch Hand, was
deleted from thesc analyses.

The health versus compliance association in these data waz of borderline
statistical signi{icance (p=0.08), with partially compliant participants
tending to report themselves ia batier Lealth than fully compliant
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Variable

(Transformation) Original

TABLE 5-25.

Sumsary Results of Original Versus Shifted Original

Nonblack Comparisoas oa 20 Variables:
First Followup

Original Comparison Group
Means* (Percent Abnormal)

Shifted
Original

p-Value

Significant
interactions

Variables With Absolute Pairwise Correlations Less Than 0.10

TBILT (LCG)
DBP (SQRT)
VBC (LOG)
SKIN

MMPID (LNG)
BUN (SGRT)
UsG

PULSE

0.75

80.9
6.88
(49.7)

56.2

1408

1.015

(16.7)

0.73
79.60
6.92
(42.1)
55.1
14.04
1.015
(16.4}

NS

NS
NS
NS
NS
NS

GRP*OCC*AGE
GRP*AGE

Vavriables With Absolute Pairwise Correlation Between (.10 and 9.20

RBC
GLUC (LO3)
ECG

PLAT (SQRT)
CNS

CHOL (SQRT)
ALKPHOS (LOG)
CUPRO (SQRT)
Th

TEST (SQRT)
SED (LOG)
GGTP (LOG)

4.97
111.8
(15.3)
263.2
(2.6)
219.5
89.76
115.4
7.58
576.6
5.11
32.39

4.95
111.6
{11.9)
271.9

(2.3)°
214.1

85.53
114.9

7.58
559.0

4.91

29.77

GRP*O(C, GRP*AGE

*All means are expressed in original units.
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TABLR 5-26.

Baseline Complisnce Status of 39 Partially
Coupliant Participants: First Pollowup

Group
Baseline Compliance Ranch Hand Comparison
No Interviev, No Physical, | 3 23
No Telephone Interview
No Interview, No Physical, 2 1
Telephona Interview
New Conpariéon 0 3
Ne Action 4 3
Total 9 30

TASLR 5-27.
Reported Bealth of Partiall - Compliant
Versus Fully Compiiant Nocblack Participeaants
Group

Ranch Hands Comparisons

Compliance Status Reported Health Number Percant Number Percemt Total

Full Excellent 473 43 633 57 3,708
Good/Fair/Poor 482 &6 578 54 1,057

Total 955 1,210 2,165
Fart:ilal Excellent S 20 20 80 25
Good/Pair/Poor 3 23 10 77 13

Total 8 30 38
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participants; 66 percent of partially compliant participants reported
excellent health vhile only 51 percent of fully compliant participants
reported excallent health. This association did not change vith group
(p=C.91). '

The data on medication use and compliance status demonstrated no
association (p=0.57), and this equivalence did not change vith group
(p=0.79). These data are showvr: in Table 5-28.

As ghovn n Table 5-29, the vork loss-by-compliance association in these
data vas sigaificant (p=0.03), vith 84 percent of fully compliant partici-
pants reporting vork loss and 95 percent of partially compliant participants
‘reporting vork loss.

These data ars sparse and are not considered supportive or nonsupportive
of the compliance bias calculations presented in the Baselina Report. The
conclusions of the Baseline Report regarding the potential effects of
compliance bias should be regarded as conservative overestimates, but vorthy
of considerztion in inference formulations until more data become available.

CONCLUSIONS

These pradoainantly negative findings suggest that there has been no
change in the vay replacements self-select for eantry into this study and, due
to the obvious scheduling differences betveen nev and old replacemaents, that
nc additional vias hes been introduced at fcllowvup by scheduling differences.
These data aiso strongly suggest that shifted Original Comparisons ere not
statistically distinguishable from Originel Comparisons, either at Baseline
or at first followup. 7This interpretation is also equivalent to the con-
clusion that 20 additional bias wvas introduced by scheduling differencea
betwveen Original Comparisons and shifted Original Comparisons at Baseline.
Available data on noncompliant Comperisons and their replacements suggest
that, although replacements vere not health-matchad tc refusals at Baseline,
they are remarkably similar to refusals vith respect to reported health,
medication use, and income level. This result also supports a conclusion
that there has been little, if any, selection bias due to nonperticipation in
the Comparison group. This conclusion supports the use of the total
Comparison group for all of the main analyses in the body of this report. '
Data vegarding the faov partially compliant participants ut first followvup are
not sufficient to confirm or deny compliance bius calculations published in
the Baseline Report.
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Compliance Status

TABLR 5-28.

Medication Use of Partially Compliant Versus
Pully Compliant Nonblack Participants

Group

Ranch Hand

Comparigon

Medication Use

Number Percent Number Percunt Total

Pull Yes 123 © 42 167 1] 290
No 832 & 1,043 56 1,875
Total 955 1,210 2,165
Partial Yes 1 - 25 3 75 4
No 7 21 27 79 34
Total 8 30 38
TABLE 5-29.

Vork Loss of Partially Complisnt Versas

Fully Compliant Nomblack Participants

Group

Ranch Hand Comparison

Compliance Status Vork Loss Nuaber Percent Number Percent Total
Full Yes 796 44 1,010 56 1,806
No 153 &4 200 56 335
Total 951 1,210 2,161
Partial Yes 8 22 28 78 36
No 0 0 2 100 2
Total 8 30 38




CBAPTRR 6
QUALITY CONTROL

During the first AFES followvup, stringent adherence to quality assurance
(QA) vas planned for and upheld throughout the study, from project initiation
to finel product delivery and acceptance by the Air Force. A quality program
plan vas deveioped for this study cycle, ocutlining all contract activities
requiring periodic and/¢r systematic QA and quality control (QC, wonitoring.

The purpuse of this chapter is to provide an overviev of the specific QA
measures developed and used by the project team, specifically in the areas of
administrative QC; questionnaire, physical, and psychological examination QC;
laboratory QC measures; data tase management QA; and statistical QC.

ADMIRISTRATIVE QUALITY ASSURANCE

In recognition of the magnitude, complexity, and importance of the AFES,
a Quality Reviev Committee (QRC) vas established at the initiation of the
third-year followup for the purpose of providing general oversight to the
AFHS QA Program and advice on the appropriateness of program managemant and
QC actions. Tha QRC vas composed of senior corporete personnel from the
prime contractor. These independent ravievers remained separate from the
project management staff. The QRC met formally each quarter toc reviev recent
study piogress ind any issues that either had an impact on study quality or
vere perceived as a potential problea.

Assisting the QRC in day-to-day oversight responsibilities ves a QA
officer responsibie for reviewing procedures, performeance, and wvork products
from all task managers and key project staff. As part of the aonitoring
function, the QA officer received exception reports from projoct task
managers vhenever an incident occurred that appeared to affect study quality.
Monthly reports vere also prepared for the Air Force, documenting project
compliance vith project QA criteria and notin; any instances of non-
compliance.

An additional measure of corporate QC /s izplemented through indepen-
dent QA audits of individual project tasks. Members of the QRC determined
first-hand vhether QA procedures for s particular task vere being conducted,
vhether procedures vere app.s¢riatl. ior the task, and vhether QA vas complete
for all aspects of each task.

The remainder of this chapter comprises specific QA procedures followved
for the individual rasks. .
QUESTIONNATRE QUALITY CONTROL

NORC used both . onsite and home-office QA procedures to produce a
comprehensive data set. All AFHS questionnaires vere pretested to evaluate




their completion time and purticipant acceptadility befure they vere used at
the SCRF. Onsite QC procedures included veekly obnervation and rating of
each intertiever, editing of every questicnnaize at the completion of the
interviev, and sonitoring of participant evaluations. The Air Force also
continuously conducted OA observations of all onsite activities. QC of data
processing included manually editing each questionnaire, including a
100-percent verification of critical iteme for each questionnaire, compu-
terized cleaning (vith both single item and interitem reviev for range and
consistency), identifying outliers, and revieving the actual questionnaire
copy to reconcile or correct detected errors.

All telephone jurveys vere monitored for quality and accuracy of
interviever perforrsace by NORC supervisors. The telephone survey superviscer
monitored 3 peccent of each interviever’s callc to assure an appropriate
presentation and an accurate transcription of responses. Aa additional
5 percent of the participants vere recontacted after the interviev to cval-
uate intsrviever performance and validate that the correc: respondent had
beer: contacted.

NORC recruited and t(rained intervievers according :o0 the detailed
procedures described in Chapter 3. A minisua number oi intervievers vas
gelected to reduce interviever veriability. Additionally, these individuals
vere blinded to the participants’ <¢xposure status to avoid any bias.
Intervievers vere required tv ask questions exactly as reacorded, and in the
order in vhich thay appeured. No perzonal interpretation was :llowed.

An ongite fleld manager closely supervised esch interviever’s wvork
regulaxrly, observing individual intervievs wvwekly during the examination
schedule. The field manager reported directly to the NORC Project Director
veekly, and vas revieved by the Project Director during quarterly site
visits. to ensure direct accountability by the home office and the fiald
manager for promptly resolving any issues.

Spacifi-ally, intervievers vere checked for accuracy in questionnairec
skip patterns, probing, circling of the ccrrect code, contrcl of the inter-
viev, voice quality, reading, and use of aszo~iated documents. Vhen called
for, the onsite manager yave immediate rotraining after each observation ard
documented the content of this training. At veekly meetings, held vith all
intervievers, the field manager used generalizacions from individual iater-
viever performance observations to train aa entire grouwp of interviewers.

The NORC field manager also monitored perticipant evaluations of the
study closely and used the inforsation gathered to plan and implement
retraining. The menager snd staff edited each coapleted questionnaire before
it vas shipped to Chicage, attempting to retrieve missing data vhile the
study participant vas at the physical examination site. Nissing or ambigucus
data vere also retrieved by telephone vhen necessary.

Spouse fertility data vere obtained indepcndently of the participant
interviev by sunding the mail guestionnaire vhile the study participant vas
at the examination site, and by having a group meeting for vives vho acrom-
panied their spouses to the clinic site, vhere they could complete their
questionnaires in private. The Assistani Survey Director in Chicago super-
vised and edited &1l intervievs conducted at home with participants and
..pouses.




Once the participant and spouse questcionnairss were received in Chicago,
they vere edited for completeness by a coding supervisor and staff dedicated
to the AFHES for the entire project. Resolution of inconsistencies vas
accoaplished by staff memburs, vho standardizsed all respoauves prior to
keypunching. OQuastionnaires vers than coded, and a 10-parcent recyde was
dons on npen-ended items. When a batch failed the 10-percent raiode, the
entire batch vas recoded and the coding staff vas retrained. One hundred
percent quality control vas accoeplished by the Air Porce..

During data entry, range validity checks vere performed and 10 percent
of the most important items in each questionnaire vags verified. Data vere
then passed through a computer program that checked for inter- and intra-
column errors. Vhen errorgs vere detected. the gquestionnaires vere revieved
and the errors corrected. The process continued until no errors vars
detected by the cleaning program. Then, frequencies vere roviaved and any
anomalies or arrors previously undstected vere corrected by revieving the
questionnaires on a case-by-case basis. All correctionz vere entered into
the data tape, but no ~hanges vere made to the data recorded in the question-
naires. QA reports ver¢ generated monthly, detailing the swmcry astatictics
on the nukber of questionnaires revieved, the number and types of tran-
scriptions failing QC checks, and the average numby of coding erzorz per
batch processed.

PHYSTCAL EXANISATION QUALITY CONITOL

QC vas emphasized in the physical examination, as this data source
provided most of the medical information for clinical and epidemiological
analyses.

Initial concern for 2 high-quality physicsl examination was addressed by
3 stringent SCRP selection process for all personmel who vare tc direc’ly
interact vith the participants. Bach staff member vas hand-selected fcx tha
AFES on the basis of expertise, experisnce, and & commitzent to remain with
the study throughout the examination c¢ycle. FPurther, the Air Porce Technical
Team -evieved the credesitials of ali key staff membars and npproved their
participation in tha study.

A complete pretest physical examinstion, interviwv, psychological test,
and laboratory workup vas done for 10 volunteers several weeks beZore the
scheduled start of the study. Refresher trainiag vas gives to the darma-
tologists to snhancs their £kill in diegnosing chloracns, techniques for
detecting specific heart sounds wvere reviewed vithh the internists, and

iagnosticians varas reminded of the nee¢ to reviev Baseline examinetion data
as they formulated all diagnoses. Further, all aspects of p.:tient centact
vere revieved: the initial inbriefing of the pazticipants, the logistics of
trensportation and patient flov vithin the clinic, and the fiual outbriefing
by the diagnesticlan.

During the examinations, refinements continued vhenever operational
probleas wece detectad by the SCRF staff and the Air Porce onsite menitor, or
vhen participants identified areas requiring improvement. Both of thene
types of inforxzation vere addressed during the veekly clinical QA meeting of
key SCRF staff, chaired by the SCRP Medical Project Director and attended by
an Air Force representativa. 1In addition, vrittea critigue forms submitted
by all participants were ravieved in detail at the SCIF weekly aestings,
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providing additional insigh. to both temporary shortcomirgs o»f ths entire
logistic process as vell ag the numerous strong points of the programs.

Folloving exsaination of each particisant group, ull physical exami-
nation forms vera revieved by the SCR? staff for omissionsn, inccaplets
examinuations, and inconsistencies. The axsainers or ‘echnicians 'rare quickly
contact.d to correct the data. Special afiort vas mude to complete this
reviev vhile thu participants were at the exsmination zite. In all cases of
data correctior, 3 complete audit trail vas waintained. Finally, all
rzrk-sense phyisical exsmination forms veve read by an opticel scanner to
eusure total continuity and sensibility of the Zfinal exsaination contents.
(This subject is discussed in nore detail in the Tmatu Managemsnt Quality
Control rect’on of this cihepter.)

Compliance with all aspacts of the physicu) exvaminatior wus monitored
daily by the 2ir Porce onsite monitor and the SCRF Nedical Prcject Director.
Additionsl pericdic iuspections vere conducted by tha SCRF Chiaef of Medicine
and the SAIC Principal Investigetor. A\l such clinical reviuwva ware donra
unodtrugively, and vith the full coasert of the paccicipunt; suggestions c¢
corrections to the examinstion procedure wvere alvays discusigad privatoly vith
the attedding physician. Thes? inapecr.tions emphesized aspects of clinical
techniques, sequencing s compia’.eneas of the clinical data vith reupect to
the examination forms, awd the total bliandness of the «xaninationa. OCf
particular note wvere the detniled deily log eatries of the five Alr Yorce
monitors. These entries eansured. coutinuity of bnovledge (the moniturs
rotated wproximstely every 2 wseks) by docvmeniing «xasminatjon procedural
changes and recording events roguicing followup dy wither tha Aiz Porce or
the prime coatractor.

Establishaent of rapport vith each s'.udy perticipent vas a primary goal
of all organisations involved in this study. Although "repport building® way
not be & traditionsl QA parsmeter in wost rusecyveh studies, it is pacamviuai
in the AFHS because msintaining the satisfection of participants encovruges
cthem to continue in the study, and thus a significsat reduction in fucuce
statistical pover or bias, or both, is avuided. BRvery staff neube:, thare.
fore, from the initial telephone recruiter to the aurse coordiratcy end the
Project Nanager, emphasiszecd courtaesy, empathy, assistance, and personallzd
treatmert of each participant.

LABGRATVARY QUALITY CONTROL

Before the study vas begun, specific QC laboratory procedures vere
designed, developed, and implemented to rapidly detect pioblems related to
test/assay performsnce, validity of resgeats, analysis of data, and reporting
of rasults. All laboratory assays for the study vere done vith state-of-the-
art laboratory equipment and techniques. Laboratory facilities all had the
dquivalent of National Institutes ol Health Biosafety Level 2 (BSL-2)
?giggval ratings and vare certified by the College of American Pathology

Hematology assays were perfo.med on Coulter S Plus® equipment;
sedimentation 1ate deterninetions vere performed using the large-tube
Yestergren mathod. The Dupont Automeated Chemical Analyszer® (ACA) vas used to
perform the biochemicsl assays; radiocimmunocassays (RIA) vera done vith
standard test kiis; and porphyrin ves assayed by high-performance liquid
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chromatography at the Maro Clinic in Rochester, Miunesota. BHepatitis B ‘ests
vere performed using Abbott kics, and manually performed electrophoresis and
sonospecific antibodies vere used for immunologlobulin assays. Blood-cell
counts vere performed vith standsrd microscopy, and Clinitek, a reflectance
spectometry urinalysis, vas used for all urinalyses. 4ll other sisays vere
done using industry-approved equipment and techuiques.

All laboratory cpersiions wvere controlled vith the use of an integrated
medical laboratory sanagement inforastion system that incorporated direct
device to data base interfaces for automated testing equipasnt, and data
entry for manual tests vas pai formed by the laboratory technologists. An
automated audit trail and a st of comments for technologist entries vere
kept for each test so that any QC results could be retraced.

Procedural QC included using instrusentation and reagents froam one lot
number throughout the study. Strict standards of zalibration for all
autoanted laboratory equipment vere saintained at all times.

Trilevel or bilevel controls vere used as the prisary means for
wonitoring the quality of all tests. On every group of participant samples,
one coiitrol (lov, medium, or high) vas run at the start, after every ninth
sample, und at the and of each rast run. BRach trilevel coatrol vas used
before repeating it in the run, vhen more than 18 experimental samples vere
analyzed. In addition, split aliquots vere made from every tenth patient
sample and wvere snalysed separately to measucs test reproducibility.

All QC data verq analysed and summarised in formal QC reports generatud
veekly. QC deta vere subjected to independent statistical analysis te
produce and analyze time-dependent trends. Por all equipment malfunctions or
other exceptions, a formal QC exception report vas prepared by the respon-
2ible individual and forverded to the QA officer and the project sanagement
tmn )

An additional measure of quality contrgl introduced during the study vaa
the CUSUM tests run vith trilevel contrels.” In particular, the fast initial
regponse cumulative sum (FIR CUSUM) QC technique vas used. It has an
advantage in detecting long-term subtle drift that could have substantial
adverse analytical consequences.” FIR is a special case of the CUSUM QC
scheme that increases the overall effectiveneas of the QC procedure. Unlike
QC procedures usirg standard control charts, vhich compare each observation
to designated limits, these tests utilize the cumulative sum of deviations
»FON & target value.

CUSUN statistics vere accumulatyd for each of the trilevels to quickly
de.ect in:ztrument calibretion prouviems as identified by excessive drifr.
If an out-of-cortrol situstion vas indicated, the graph shoved vhen the
first occuired. Coetficisnt of varistion (CV) standards vere
established before the study for each test. All adjacent parient samples
vere reanslyzed after the equipwent vas the:oughly checked snd fresh controls
vere run.

FIR CUSUM generally has been applied to QC in industry, particularly in
high-volume, high-precision applications. To our knovledge, FIR CUSUM has
not generaily been appiied in a biomedical sstting. According to SCRP
laboratovy nersunnel, this procedure proved so successful in the AFHS that
most of the SCRF clinical laboratory will begin using it in the near future.
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As tae examination portion of this study ended, all laboratory outliers
vers ansiysed for logical validity by an !ndepeandent clinician. All out-of-
range tast results vera examined and scored as clinically explainable,
clinically possible, or clinically unexplajined.

Quaiity Control Procedures for thy Ismsunvlogy Laboratory

The QC procedures for the Cellular Immunology section of the AFHS vere
utructured to rapidly detect uny problems in four major test paramaters:
(1) assay parforamance, (2) reagent validity, (3) data analysis, and
(4) results reporting. The QC measures vere aetailed in the Quality Proce-
dures Plan and documented before testing started. Compliance vas monitored
daily by the Cellular Imsunology laboratory supervisor. Key aspects of the
program included instrument and equipaqnt calioration and maintenance, assay
controls, accuracy and precision deiermination, and system failure checks.

QC measures folloved in all Cellular Tmamunology assays included:

e Blood sample frow a normal, healthy control individual vith each group
of AFHS patient samples :

o Duplicate tasting of cne random patient ssaple in each assay

¢ Quadruplicate testing of each pa.ient sample for each variable in each
of the functional assays (e.g., PHA srimulation, natural killer cell
effector/resrget raiios)

¢ Parallel testing and monitoring resctivity of various lots of reagents
vhen appropriate

¢ Verification of patient and specimen identification by at least tvo
individuals before final reporting to the data base

o Note codes attached to any data point vwith a detected deviation from
normal due to procedural setup error, assay malfunction, equipment
malfunction, or asssy technical error

e Reviev of all final assay reports by the Cellular Immunology
laboratory supervisor prior to entry into the data base.

QC for each functional assay including phytohemagglutizin (PHA),
pokeveed, mixed lymphocyts culture (MLC), and natural kil .er cell consisted
of monitoring assay contrcls, duplicate sasple reproducibility, and any
trends in reagent reactivity. Assay prccision vas determined by calculating
the CV of the quadruplicates for each variable tested. Also, a mean value of
the CV for each assay was calculated. Individual CV’s of 15 percent or less
vere the target values for the stimulated samplas in the mitogen and natural
killer cell assays. The Studant’'s t-test vas applied to duplicates to
determine if there vas a significant difference in sampling for the
functional assays. Critical t-values at the 0.05 significance level wvere
used to deternine if duplicate sample results varied significantly. Grubbs’
statistical test” was used to identify any statistically significant outlier.
This test vas applied only to samples vhose C’s vere greater than 20 percent
at a p-value of 0.01. The mitogen stimulation (PHA, pokeveed) effect vas
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folloved by daily evaluation of the radiocactive counts in counts per ainute
(cpm) for each mitogen. Vhen counts fell belov expected values, suggesting
that reagent deterioration had occi:cred, nev aliquots vere used.

QC measures for the cell surfice marker assays vere calculation of
T,+T,/T,, cell ratios, evaluation of flov cytometer computer outputs
{cytograms and hiztograms), and dupiicrte sample testing. T +T,/T,, cellular
ratios should approximate the value 1.0 for a normal populat!on. baltdlty of
cytograa and histogram distributions genarated by the flov cytometer vas
confirmed by the Cellular Immunolog; laboratory supervisor for each sample
analyzed. The percent positive cells for cach surface marker vas deterained
in the duplicates and vieved graphically using a microcomputer program. Any
significant differences betveen duplicates vere noted and folloved for
abnormal trends.

On completion of this followup effort, the entire cellular immunology
data base vas revieved by the Air Force tcam, laboratory staff, and con-
sultants. Comments attached to che data pointy vere also revieved. Any daia
point that sppeared unusual vas reviewved and identified as an unexplained
outlier. Unexplained outliers vere 'leleted from the data base as errors of
an unknovn nature. This reviev vas conducted vithout “tnovledge of exposure
status.

DATA MANAGEMENT QUALITY CONTROL

Overviev of Quality Centrol Procedures

The QC program for the data sanagement activity cousisted of multiple
checks at all steps of the examination, data collectiou, and data processing
cycle. Data QC proceduras for data collection, conveision, and integration
vere developed before the clinical examinations began. Pretesting of all
forms, procedures, and logistic arrangcments wvas corducted 3 weeks before the
examinations actually began. Additionally, during the first 2 months of tha
clinical examinations, all data collection activities were intensely scruti-
nized to detect and correct procedural deficiencies.

QC activities also included automated QC techniques zpplied to labors-
tory data, ciinical evaluations of all laboratory outliers, review of all
physical examination findings by an independent diagnostician, and automated
and manuasl data quality checking of hard copy against transcribed computer
files for all questionnaire, physical examination, and medical coding data
streams.

Five intervoven layers of GC vere instituted to ensure data integrity.
Efforts focused on (1) data processing systea design, (2) design sand adminis-
tration c¢f all exams or questionnairus, (3) data completenmss checks,

(4) data validation techniques, and (5) cquelity concrol of medical records
coding. In some cases, the QC procedures about to be described vere
implemented throughout the data managemant task rather than sssigned to a
particular activity. These comprehensive QC procedures vill be mentioned
vhere appropriate throughout the remairder of this saction.
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Data Processing System Design

For each data stream, standards vere set to establish data element
fornat (character or numeric), data 2lement naming conventicns, Jdata eiement
text lsbels, numeric codes for gualitative responses and resulrs, QC range
checks for coutinuous data elements, and QC validity checks for categorical
data. A data dicticnary provided det :iled information on each data element.

A systems integration apj.oach was applied to the design and implemen-
tation of data colrection procedures and techriiques so that data emanating
from the various study sources {rhvsical examination, ques-ionna're,
laboratory) were consistent in fi.e format and structure. This was necessary
to ensure that all data could be integrated into a single data base manage-
ment system for aralysis. PFigure 6-1 provides an overview of the QC
activities used in the data base management process.

Forms and questionnaires were carefully designed to cnsure that all
required data elements would be collected according to the Study Protocol.
The design of these instrumenis was such that they reflected the order in
vhich the examination itself would be administered and provided for the
sequential recoding of information to streamlire remaining data management
activities. :

Completed medical records and questionnaires were ccnverted from hard
copy to machine-readable images using customized data-entry systems or
state-of-the-art optical mark reading equipment. Veritication procedures
vere performed to ensure that a uniquely identified participant record
existed within each data fiie, and that the appronriste number of -esponses
for each applicable field was provided. Data files were then ver’ '-d
against original data sheets and corrected as necessary.

Data files wvere then subjected to validity checks. Any potantially
conflicting rcsults as well as any data values falling at the extremes of
expected ranges vere manually reviewed. Extreme values were reverified
agairst the original raw data copies and either corrected or ‘ocumented as
valld results. Potentially conflicting results were returned to the
examiners for review. Thiese results wvere then documented as correctly
recorded, corrected, or flagged for exciusion from analysis because of
unresolvable examiner errors or omissions.

Once the edits were completed and the dat:. reverified, the "cleanea"
files or tapes vere transferred o the data analysis center for £inal
inspection and integration into the study data base. For this QC measure,
each data file was loaded into a Statistical Analysis System (SAS®) data set,
and descriptive anylyses were run. The validation, c¢n:rection, rransmission,
and analysis QC procedures vere repeated as necessary to ensure that all
extreme or suspicious values had been validated.

Design and Administration o Physical and Psychological Examination Forms

As mentioned, the :xamination forms were designed to solicit all
required data such tha: recording time wvas minimized, comprehension was
enhanced, and data input could cccur vith a minimum of transcription errors.
Optical Mark Recognition (0MR) technologies were selected to eliminate the
risk of transcription errors and were applied *o all psychological tests.
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Customized mark-sense forms vere slso developed und OMR technology was usad
to achieve these same objectives ior segmenis of the physical examination and
the 3zelf-administered questionnaires. The use of mark-sense forms allowed
the creation of computearized data files directly frum the raw data recorded

. on these ifoxms.

QC procedures for all deta collection instruments began with a review of
all forus immediately as they vere completed. Aiy forms containing missing
examination results were raturned to the examining physician >»>r completion
befora the participants left the site. Any quasztionable results or
"hard-to-diegnosc” conditiong (such as heart sounds or peripher»l julses)
vere verified by the diugrnostician at the outvciefing. All exaxination forms
vere signed by the examining physician, and the examiner identification
number vas coded in the dsta base so that interexaminer variation could be
anslyzed. Detailed QC records vere maintained, vhich indicated the examining
physician and the type of defic .ency detected. Deficiency reports were
revieved by the study coordinator to detect any patterns of piaysician data
entry error. A final level of QC audit was accomplished by Air Force
statisticians, vho ccnducted a detailed screening of the data and checked for
errors.

Dats Completeneus Checks

Customized programming of the OMR alloved foi the identificetion of
those forms (and their corresponding data records) vith missing responses, as
vell as those vith muliiple responses to questions that required a single
response. The OMR scanner vas programmed to reject forms that failed
cospleteness and multiple response checks and to output a control code for
each rejected form. The control code identified the location of the first
three verification checks failed for s given form.

Vhen a rav data form vas rejected, the reason for the rejection wvas
determinad and the exact data element vas corrected by comparing the rejected
rav datae form to ths values recorded in the data record created by the
scarnner. A customized set o¢f rejection and resoluticn codes vas developed
for the study to describe all the reasons for a form’s rejaction and any
subzequent reasons for changing a dsca value. Various codes identified
values recovered from light marks, missing marks explained by examiner
comments, and missing coarent flags resolved by the presence or absence of
text in the comment zreas. These codes ensured data completeness by
accounting for ell guestionable or micsing responses. (See examples of mark-
sense forms in PFigures 4-3 eznd 4-4.)

Some of the relected forms did not corcain actual data errcrs but rather
anomalies created in using mark-senca cards for data collection. For
instance, incompletely erased responses and responges marked vith too little
carbon or graphite vere incorrectly countad or sissed, respectively, by the
scancer. Examiners also tended to clearly mark responses for abnormal
findings vhile bypassing or lightly aarking responses for expected or desired
findings. Pailure of the form to provide the corract number of expected
responses a’vays resulted in rejection. These tachnology-based errors vere
rezclved;, as vere the anticipated, more traditlional errors.

7he rejection code, cdata location code. resoluticn code, data
inspector’s initials, and correct data value vere directly posted to a
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participant’s data record. This innovative technique not only effeciively
maintained a comprchensive audit trail of all record manipulations, it also
provided a2 mechanism for weasuring the frequency of specific errors.

Careful monitoring identified trends vhere individual data values vere
missed as well as the frequency wvith vhich individual examiners incorrectly
warked their examination forms. Statistics were compiled on sut-of-range
results and data oxissions that had been accepted in the previous QC audits.
The results were monitored to detect :.rends, pogsible bias situations, and
other data quality problems. This intormation vas revieved and relayed to
examiners and internal aulitors to assist in preventing or correcting
chronic, but avoidable, probleams.

Data Validation Techniques

QC activities also included data validation techniques. As mentioned
earlier, cata files vere examined in a series of verification and validation
procedures developed to check the results within each participant’s record
for logiczl consistency and abnormal findings. Any records noted to have
ambiguous findings, incongruent observations, extreme results, or nonobvious
errotrs or omissions vere listed and submitted for reviewv to a physician.

Again, clinical judgments were made by the auditing physician in
assigning a validation code for each extreme or questionable data result.
The validation codes alloved for indicating that data vere deciphered from
examnlner comments or from related findings from another specialty ares, or
were accurately recorded and logically consistent with other findings for the
participant. Data points that could not be definitiveiy validated or
recovered through clinical judgment and consultation with the original
examiner were assigned codes noting missing or invalid dota values. These
unrecoverable data points were excluded from subsequent analysis.

Medical Records Coding Quality Control

Upon completion of the NORC data processing, all AFHS gquestionnaires
wvere forwarded to SAIC for the medical coding of reported conditions. The
International Classification of Diseases, 9th Revision, Clinical Modification
(morbidity); International Classification of Diseases, 9th Revision
(mortality); Systematized Nomenclature of Medicine (anatomic site); and
American Hospital Formulary Service (medications) coding schemes wvere used,
suitably modified. Bach quest¢ionnaire was coded by two coders working
independently. The results of the two coders were forwarded to the USAF for
100-percent QA/QC and final adjudication. The information from the physical
examination wvas coded similarly.

after the coding data wvere adjudicared, they were returned to SAIC for
data entry. The coding sheets were batched, key entered, verified, and
corrected. The corrections were also verified. The key entry and verifica-
tion functions were performed by various operators. Five percent, or
100 reccrds of each batch (wvhichever was larger), was randomiy selected and
subjected to manual reverification. An error rate of greater than 1 percent
of this sample mandated reverification of the entire batch. In this final
QA/QC check, the autcmated files were reviewed and compared to the hard copy
by trained medical record ccders, all of vhom satisfied the minimum require-
ment of Accredited Record Technician or Registered Record Administrator
eligibiliry.
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A manual tracking rystea vas used 0 retrieve medicsl recorlds. A
chronological log vas maintained to track rarticipant requests for
authorization to obtain medical record(s), receipt of the authorizations,
requasts for cecords from the provider, and receipt of the records from the
provider. Identifying information in these logs included participant name,
case number, date of action, condition(s) to be verified, dependent name (if
appropriate), and typa of medical provider (Pederal/non-Faderal).

Due to the intricacies of obtaining medical records from Federal
fucilities, this task ultimately became the responsibiliiy of the Air Force.

STATISTICAL ARALYSIS GUALITY CONTRGL

Specific QU msasures ve-e developed for activities falling within the
statistical analysis task: constructicn of data bases for the statistical
analysis of each clianical chapter, the statisticsl analysis itseslf, and the
production of statistical reports to serve as the basis for the clinical
chapters.

Bach specialized statistical data baze vas constructed by defining and
locating each variable vithin the many subpaxts of the composite followup
data base. Lists of varisblas ard their data sources vere gsubmitted to the
Air Force for approval. Although the data had bzen subjected to QC
procedures during collection, statistical checks for outliers and othar
improbable values vere conducted; anomalies identified by the statisticians
vere discugsed vith thuse responsible for the data collection, i.e., either
NORC cr SCRF.

QA largely depended on regular communication and general agreement among
statisticians. Several aeetings and consultations among tha Air Porce team,
the Principal Invaatigacor, the SAIC statisticians, and the University of
Chicago staff members vere held in conjunction vith the development of the
data analysis plan. During the course of the analysis there vera frequent
telephone conversations. Any problems arising in the statistical analysis
vere rasclved by team discussion. The sofivare vas checked by comparing
results from analyses on the same variable by different programs (for
example, BMDPC-iR [logistic regression] and BMDPP-4F [log-linear modcl]

vill give the same results for dichotomous variables vhen the program options
are chosen properly). The statisticiens frequently checkad that the number
of obse:vations used in an analysis vas correct, and pesr reviev ensured that
the program code vas appropriste for the chosen procedure. The analyses vere
conducted in accordance vith the data anslysis plan vhich vas revieved
extensive.y. Throughout the study, duplicate data bases were maintained by
the USAPF and SAIC. Upon completion of the analyses, SAIC delivered all
analysis goftvare and SAS data sets for each clinical area to the USAPF for
final reviev and archiving. '

411 tables and statistical results vere checked against the computer
output from vhich they vere derived, and all statistical statements in the
text vere checked for consistency with the results given in tha tables.
Additionally, drafts of chapters in the report vere revieved by the USAF and
SAIC investigators, and the QRC.
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CBAPTER 7
STATISTICAL METBODS

This chapter summarizes the key stztistical elements of the study
design, the statistical analysis issues, and the specific statistical methods
used 1n1thc analysis. Additional details may be found in the USAF Study
Protocol.

The primary focus of the statistical analysis vas a contrast of health
status of the Ranch Hand and Comparison groups. Assessments vere made of the
proportions of participants with abnormsl findings and of mean levels of key
laborstory measurements. The analynes encompassed both simple contrasts
betveen the tvo groups and more complex methods, in vhich adjustment vas made
for important covariates.

In additior to these analyses, the possibility of an increasing response
of wedical problems vith herbicide dose vas explored, since if indeed there
vere an effect, more problems would be expected among the more heavily
exposed. Althcugh exact dosage information is not available, an exposure
index vas developed for the exposed population (the Ranch Rands) that approx-
imates the potential herbicide exposure of each individual, incorporating
information such as the occupation of the individual, his period of duty in
the spraying operation, and the numbers of barrels per day of herbicide used
during that period. Datails on the exposurs index sre given in Chapter 8.
Dose-response analyses vere conducted for the Ranch Hands only, using this
exposure index as a surrogate measure of dose.

Interpretation of the results of the exposure index analyses, howvever,
depends critically on the accuracy of tha eaxposure index, vhich preseatly can
be regarded as only fair. (Improved dosage information vill be obtained for
future studies from recently developed serum dioxin assay techniques.) Thus,
the analyses of overall group differences betveen the Ranch Hands and the
Comparisons are given primary emphasis, and the exposure index analvses
merely supplesent thea.

STATISTICAL STUDY DESIGN

An overt herbicide effect vould be characterized by more syaptoms,
signs, abnormal laboratory tests, syndromes, or diseases in the Ranch Hand
group than in the Comparison group. If the disease(s) vere fatal, increased
mortality might also be observed. A subdclinical herbicide effect would be
detected as "n increase in abnormsl findings on the physical examination
(particularly laboratory tests) that may or may not also be associated vith
symptom reporting or increased mortality. Thus, the basic objective of the
statistical analysis is to test for differences betveen the Ranch Hand
(cxposed) group and the Comparison (nonexposed) group.
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In general, tvo types of data are used 1u the analysis. Tirst, there
are subjective data on symptoms reported by the participant in the question-
naire and in the reviev-of-systems section of the physical examinatior
Second, there are objective data, vhich include medical findings or signs
identified during the physical examination, or by reviewvs of laboratory
results, medical records, and death certificates.

Symptoas reported by the study participants are subjentive by defi-
nition, and are subject to influences that could result ir erroneous con-
clusious. An association found betveen reported symptom; and herbicide
exposure must be subjected to further confirmation, as the observations may
result from over- or under-reporting bias and may not be indicative of a true
herbicide effect. On the other hand, the medical findings data do not suffer
from the same degree of participant influence.

The medical findings and medical records reviev wvere conducted by highly
trained individuals employed for the duration of the data collection and
assessment phases of the study. They vere held to stringent QC standards, as
described in Chapter 6, to ensure that these data veroc as objective and
accurate a¥ possible.

Incorporated in the study ¢usign is a faature that attempts to check for
and correct symptom-reporting errors. A key component is a reported symptoa
verification process cond.cted by revieving participant medical records and
findings from the physical examination. In the retrospective morbidity
portion of the study, the participant is questioned on past ilinesses and
medical conditions. With the participant’s consent, an efffort is made to
obtain the medicsl records to verify the reported condition and, thus,
to substantiate any unveriZied conditions. In additici, the study design
includes verification of negative responses to deternine unreported
conditions. The medical record reviewv process is tise intensive and only a
portion of the data vas available for analysis in this study. Over-reporting
vas assessed by comparing the reported illness rates vith the results of the
physical exsminstion and medical r2cord reviev. Simiiarly, the assesament
and correction of under-reporting requires the reviev of medical records to
identify unreported illnesses. Obviously, this under-reporting assessment is
restricted to conditions for vhich medical care vas obtained or that ware
identifiable at the physical examination.

STATISTICAL ISSURS

In conducting the statistical analysis of the data in this study, there
are a number of underlying issues. BExcept for bias, vhich is the topic of
Chapter 5, these issues are discussed in this section. Howvever, based upon
the results of the bias analysis presented in Chapter 5, all statistical
analyses in the clinical chapters use the contrast of Ranch Hands versus the
total Comparison group. PFor the purposes of completeness and cross-reference
tc the Baseline report, identical analyses using the contrast of the Ranch
Hands versus the Original Comparisons have been conducted, and these results
are presented in the form of summary tables in each chapter appendix.
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Intervening Variables

Vhen comparing ary tvo groups of individuals, the exact proportion of
discased individuals in ecch group is usually found to differ. The purpose
¢ ciassical statistical hypothesis testing is to determine vhether the
observed difference in disease rates could La due to chence alone. If the
observed difference is not attributadle to chance, the tvo groups are
considered representative of tvo truly differeat populations.

If a statistically aignificant difference is found bhetwveen the Ranch
Hand group and the Comparison group, results froe more rigorous statistical
procedures must be examined and the medical context considaced hefore the
possibility of a causal relationship betveen disesase and group (exposure) can
be entertained. Alternatively, the abasence of a statistically significant
difference betveen groups dees not exclude the possibility of a true causal
reiationship betveen exposure and disease. Thus, group associations, vhether
significant or not, should be exarined vith adjustment for other variables
called intervening variables (explanatozy variables, risk factors, or
covariastes) that may account for, or mask, a true eflect. Por example, the
tvo groups might differ vith respect to age or racial <omposition; esch of
vhich may affect the outcome of the study. To protect against this, the
technique of matching vas used: The Ranch Eands and Comparigons vere matched
on age, race, and military occupation.

Since it is not feasidbie to parfectly match a Comparison to an exposed
individual vith respect to all important explamatory variables, statistical
procedures may be used to sdjust for such explanatory variables so that valid
interpretations can be made of apperent group differences. Thus, it vas
necessary to identify and collect data on suspected explanatory variables.
Unfortunately, there is no way to ensurs that all important interveaing
variables ere taken into account. The best method that can be achieved iz to
incorporate all knovn covariates in the data coliection and analysis.

In most studies, covariates are variables msesasured prior tc exposure.
Sovever, in the AFES, except for tle matching variables and historical data
related to events prior to service in Southeast Asia, most covariate values
vere obtained at the Baseline or first foll interviev and physical
examination, vhich occurred 10 to 20 years following exposure. These
covariates carn generally be referred to as tlas-dependent covariates. They
can slucidate the causal path between exposure and a particular diseasc;
hovever, they are in a sense both {ependent / 1 indegendent variables, and
therefore, analyses involving such covariates require careful interpretation.

Besides covariates, doth confounding variables and intersctions msust
also be congidered. A confounding variable is an intervening variable
associated vith both disesse and axposure. (This is in contrast vith a
covariate that is associated only with disease.) Adjustments must be made
for confounding variables to avoid a hiased estimate of the group-disease
relationship. An interaction exists vhen the effact ¢f one variable varies
across the levels of another variable. Por exasple, the group diZference
night be large in one occupation group and negligible in another. Incor-
porating interactions in the analysis allovs for the identification of
subpopulations at increased or decreased risk.
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Conducting a statistical test using a Tvpe I error, also called alpha
level, ¢f 0.05 (« =0.05) means that, on the average, in 5 cases out of 100, a
false conclusion thai an association (herbicide offect) exists would be made
vhen in reality, there is no ussociation. The other possible inference error
(cailed a Typa II a«arrer) is that of failing to detect an association vhen it
actually axists. The probability of r Type II error (8) for a statistical
tes? is 1 minus the pover of the test. The pover of the test is the proba-
bility that the test vill reject the hypothesis of no herbicide effact vhen
an effect does in fact exist. The pover of a test depends on the grcup
sample sizes, tha disesse prevalence rate, and the true group differcice
measured in terms cf ralative risk.

Teble 7-1 contains the ypproximate sample size rsquired to detect
specific relative risks vith an approximate pover of 0.8 (B «0.2) using an
alpha level of 0.035 for a tvn-sided test and assu-ing equal Ranch Band and
Comparison group sizes and unpaired analyses. Ralative risk is the ratio of
the dissase prevalence rate of the Ranch Hand and Comparison groups. Condi-
tions or diseasas vith comparison populatiof prevaience rates and exvosed
group relative risks corregponding to those below the hecvy dlack line on the
table car be detected vith an approximate 0.8 probability vith the sample
sizes used in this study.

Table 7-2 provides the seme information for continuous variables in
terms of parcentage mean shift and variability, assuming unpaired testing of
a8 normally distributed variable and equal sample sizes.

In the first fo.lowup of tha AF.S, 1,016 Ranch Bands participated in tae
physical examination. In this size group, the chance cf identifying zero
cases of a diseusa vith a prevalence of 1/5Q0 or less is greater than 10 per-
cent. Table 7-3 contains the probability of encountering no caszes of disczase
states for cumulative prevalence rates of 1/200, 1/500, 1/1,000, 172,000,
1/5,000, and 1/10,000.

Hultiple Endpoints and Comparicons

In developing the Protccul for the AFES, previoius aniwal and epidemio-
logic studies, case repcrts. an. vaterans’ concerns veras revieved to delin-
eate the possible ef‘acts of expisure. The roaclusion vas reached that a
comprehensive evalurtion vas nzaded due to tha lack of »n ¢asily identifiadble
symptom complex ia individual patients. Consequently, thr morbidity study is
very broad ir scope, involving the collecticn and aralysis of data related to
general health indices as vell as specific organ sysiems and clinical disease
categorius.

The large numier o mndpoi.i‘s under consideration presents a difficult
problem in the ass:cs-ent of T.po I error rates. More than 150 dependent
variables vere tested, not . mention tests for .nteraction and multiple
contrasts amorg the lov, medium, and high exposure-level categories in the
exposur« index : nalyses. Furthermore, the dependent variables vere cor-
relzted to varying degreas, and this makes it aven mora difficult to assess
the attained siznific,nc& levals. To nllov for multiple endpoints. Bon-
ferroni‘s inequality,” which requires significance at the a /K level vhere K
is the number of endpoints considered, may be used, but this procedure
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(eiative Risk Calenlacions)

Nt of

Diseass 1n Ralative Risk (Multiplicative Pactor o Cocurvence Mate for Bposed Group)

Cantrol

Population 1.8 1. 2.0 3.00 4.0 S.00 6.00 7.00 8.00 9.00 10.00
1

m,%0 2,822,082 783,901 235,164 78,284 43,544 29,391 21,944 17,415 14,393 12,243 10,640
1

5,000 1,410,882 391,900 117,564 29,184 21,766 14,600 10,968 8,203 7,193 6,118 5,17
1 .
T, 00 28192 7,30 2B,40%4 7,824 4, 2,90 2,187 1,735 1,433 1,228 1,8
1

o w,e 3,10 1,724 3,904 2,166 1,460 1,08 863 713 606 3%
1

™ 27,906 7,740 2,16 78 A% 24 1 167 17 16 100
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TABLR 7-2.

Rogui ~ad Sample Sizes To Detect Growp Differences

ia Tw -Sempla Testing Assuming Gqgwal Semple Sizes*
(Nean Shift Calcularione)

Mean shift Variability (e/w)
n.03 0.10 0.28 0.50 0.75

0.5% 1,%8 6,272 39,200 136,800 352,800
1.0% 192 1,563 9,800 39,200 88,200
1.5% 175 697 4,356 17,423 19,200
2.0% 98 192 2,430 9,800 22,050
2.5% 63 251 1 1,518 6,272 14,112
5.0% 16 63 :mi 1,568 3,528
7.5% ? 28 178 697 1,568
10.0% s 16 98 192 882 -

*This study has unequal semple sizes; therefore, the tabled values are
understated. The similar table in the Beseline Morbidity Report, 24 PFebruary
1984, is ia error because t:bulated sample sizses vere only one-half of their
correct values.




TABLER 7-3.

Probability of Zero Cases as
a Punction of Prevalencs

Probabilicy of Findiag
Zaro Ceses in a Group

Disease Prevalence of 1,016 Participants
1/10,000 0.903
1/5,000 0.816
172,000 0.602
1/1,000 0.362
1/500 0.131
17200 0.906

becomes incteasingly wore conservative as the correlation among the endpoints
incresses. PFor the analysis results in thiz report, an alpha lavel of

0.05 vas used for each dependent variable. In addition, group contrasts in
strata defined by levels of a covariate involving in a group-by-covariate
interaction vere assessed by an alpha level of 0.CS. The same vas true for
exposure lavel strata.

In light of the multiple-endpoints problem, extrume caution in the
interpretation of statistical results vas required. A first consideration
vas the strength of the association in terms of the significance of the
relative risk or difference in group means. All associations vith p-values
of 0.10 or lesz vere exasined and are described in this repoert. Then, :
careful consideration was given to the pattern of statistically significant
resulis. WVere only a fev sporadic endpoints statistically significant, or
vas significance achieved on a number of endpointc indisating the same organ
systea failure? Vere the significant results all in (e same direction, and
did they make biological and clinical sense? Did thay confirm previous
studies, or vere they nev findings?

Paired Versus Unpaired Analyses

Matching subjects in a study design on selected variables improves the
comparability of the groups to be compared and, depending on tha relationship
of the matching variables to the study objective, the matching can be used
explicitly in the analysis. In this study, the Comparison group vas matched
to the exposed group on age (to the nearest month of birth), race (Black,
nonblack), and occupational category (officer-pilot, officer-navigator,
officer-nonflyer, enlizted flyer, enlisted groundcrev). The matching vas
exact for occupational category, nearly exact for race (three mismatches
occurred because of recording exrors), and very close vith raspect to age
(69X of the mortality population vas matched toc the nearest month of birth
and more than 95X to the nearest year of birth).

The general approach in this report, hovever, vas to conduct unpairad
analyses using all available data, based on stratification and/or covariate
adjustment. In an uwnpaired analysis, the matching still serves to improve




the comparability of the tvo groups, and precision is usuiaily gained from the
stratification and covariate adjustment.

Mortality and horbidity Data

The AFHS incorporsted both mortality and morbidity »ndpoints. The mor-
tality data have been. and w'll continve tn bm, subjected to separate anal-
yais. Irterpretation of the morbidity analyses must ba made in the iigat of
the mortality results, particularly as the study continues and the number of
deaths incresses. Differential mortality in the tvo groups could obviously
have an important impact on contrasts of physical examination findings in the
surviving cohorts. This issue vas exasined in the analysis of selected
diseases, for example, cancer.

Cutpoints

The variables in this study were discrete, categorical, or continuous.
Miny served primarily as dependent variables, and vhen in the conctinuous
form, poverful analyses vere possible. In other settings, particularly vhen
log-linesr or logistic regression models vere fitted, it is often necessary
to dichotomize or discretize the continuous variables. Discretization, by
establiching suitabia nonoverlapping intervals or cutpoints, vas often the
result of a judgment requiring both stztistical and clinical inpun.

In general, cutpoint decisions considered the form of the variabla,
distribution of the varlable, established values (c.g., cholesterol, normsl-
abnormal, as specified by a given technique in a given laboratory), scien-
tific values set by precedence (e.g., systolic and diastolic normal thrashold
140/90), and error induction by another variable (e.g., use of the blood
pressure threshold in chese-armed individuals). The approach tu the selec-
tion of appropriate cutpoints vas to select all cutpoints on a case-by-case
basis and, vhere indicated, use the norms of the SCRF lab.ratory.

Bxclusions

Due to medical considerations, certain subjects vere excluded from the
analyses of selected cilnical categories. The exclusions vere generally
defined in the Baselina study and are identified in the clinical chapters of
this report. Other exclusions vere the result of missing data.

OVERVIEV OF STATISTICAL PROCEDURES

This section summarizes the basic statistical approach used in the data
analysis nf the first follswun of the AFHS. The approach consisted of four
parts: (1, preliminary anialysis of the dependent variables and covariates to
check for data esnomalies and ro obtain a general overviev of the data,

(2) core analyses to carefully determine any possible effect of hetbicide
exposure, (3) analysis of the exposure index to investigate the duse-response
relationship for the Ranch Hand group only, and (4) longitudinal analysis to
examine changes over time. A summary of the statistical techniques utilized
is provided in Table 7-4. This basic approach vas utilized in the analyses
for each clinical category.
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TABLE 7-4.
Summary of Statistical Procedures

Chi-Square Contingency Table Test

The chi-square test of 1ndependencez is calculated for a contingency
table by the following formula:

2

X = UE -£)%/E,
vhere the sum is taken over all cells of the corntingency table and

f =observed frequency in a cell

£ =expected frequency under the hypothesis of indapendence.
Large values indicate deviations from the null hypothesis and are tested
for significance by comparing the calculated X to the tables of the
chi-square distribution.

Fisher’s Exact Test

Fisher’s exact test’ is a randomizaticn test of tha hypottes’ 1 of
independence for a 2xZ contingency table. Thi; technique is useful for
gmell samples and sparse cells. This is a permutation test based on the
exact probability of observing the particular set of frequernczies.

General Linear Model Analysis

The form of the general linear model! for tvo independent varis les is:

Y= a«+ B!X1 + 5}": + uxlxz + €

vhere

Y = dependent variable (continuous)

o = level of Y at X, « O and X, = 0, i.e., the intercept

X,,X, = measured value of the first and second independent variables,

respectively, which may ba continuous or discrete

coefficient indicating linear association betveen Y and X, Y
and X,, respectively

R
N
]

B,, = coefficient reflecting the linear interaction of X, and X,
€ = error term. '
This model assumes that the error terms are indeperdent and normally

distributed vith & mean of O and a constant variance. Extension to
multiple independent variables and interaction terms is immediate.
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TABLE 7-4. (continued)
Susmary of Statistigul Procedures

Linear regression, multiple regression, analysis of variance, and
analysis of covariance are all examples ¢f general linear model
analysis.

Kolmogorov-Smirnov Digtribution Test

The Kolmogorov-Samirnov (K-S) test’ is a nonparametric procedure which
assesses differences between the distribution of twvo samples. Specifi-
cally, the K-S procedure tests the hypothesis that populations and R,
are identical and is designed to detect all possible deviations Irom
this hypothesis. Tne assumptions of the K-5 test are that the cbserva-
tions from the tvo samples are mutually independent and that both sets
of cbservations are samples from the same distribution.

Logistic Regression Analysis

The logistic regression model?’* enables a dichotomous dependent
variable to be modeled in a regression framework vich continuous und/or
discrete independent: variables. For tvo ricsk factors, such as group and
age, the logistic regression model would be:

logit P = «+ BX + B,X, + A, XX, + ¢

vhere

P = probability of disease for an individuul with risk factors X,
and X,

logit P = 1ln (P/1-P), i.e., the log odds for disease

X, = first risk factor, e.g., group

X, = second risk factor, e.g., age.

The parameters are interpreted as follows:

o = log odds for the disease when both factors are at a 0 level
B, = coefficient indicating the group effect adjusted for age

8, » coefficient indicating the age effect adjvsted for ;roup

B, = conefficient indicating the intersction between group and age
€ = error tevm.

In the absence of an interaction (B, = 0), exp(31) reflects the
adjusted odds ratio for individuals in Group 1 (X, = 1) relative to
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TABLE 7-4. (continved)
Summary of Statistical Procedures

"Group O (X, = 0). If the probability of disease is small,- the odds
ratio wvill be approximately equal to the relative risk.

Homogeneity of the odds ratisssactoss different strata vas assessed by
the method of Breslov and Day.

Throughout this report the adjusted odds ratios are referred to as
adjusted relative risks. Correspondingly, in the absence of covariates
(i.e., unadjusted analysis) the odds ratios are referred to as estimated
relative risks.

Proportional Odds Model

The proportional odds model® allows for the analysis of an ordered
outcome variable. The model assumes that the odds of falling below a
certain level ratker than above it for individuals at different levels
of an independent variable X are in constant ratio. For example, if the
response toikes one of the four values "excellent," "good," "fair." or
"poor,” and X is a simple indicater variable designating group (Ranch
Hand versus Comparison), then the proportional odds model states that
the odds for responding "excellern’" voarsus "good," "fair," or "poor" in
the Ranch Hand group are a multiple, exp(#), of the corresponding odds
-ir the Comparison group. Likewise, the odds for responding "excellent"
or "good"™ vaersus "fair" or "poor"™ in the Ranch Hand group are the same
sultiple, exp(f), of the corresponding odds in the Comparison group, as
aie the odds for responding "excellent," "good," or "fair" versus "poor"
in the tvo groups. Thus, the model is appropriate vhenever one
frequency distribution is "shifted left" relative to another distri-
bution. Incorporation of other variables into X allovs the estimation
of proportional odds ratios adjusted for covariates.

Let the ordered response Y take values in the range 1 to K, and let

n (X), i=1,...,K, denote the probability of responding at level i for an
indIvidual with covariate vector X. Let K;(X) be the odds that Y j
given X; i.e.,

(L) + LX) + ... + 1, (X)
Ky (X) = Pt RE L 3e1,...K-1
u,+1(§) + nj*z(g) TR "k(z)

The proportional odds model specifies that

Ky(X) = k; exp(f'X), for constant K,
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TABLE 7-4. (coniinued)

Summary cof Statistical Procedures

Thus the ratio of odds for individuals at covariate levels X, and X, is

= exp{f' (X, - X;)]
K (X;)

and depends only on X, - X, and not on j.

Log-linear Analysis

Log-linear analysis2 is a statistical technique for analyzing cross-
classified data or contingancy tables. A saturated log-linear model for
a three-way table is:

In (250> = Uy + Upyy + Upigy * Uy * Uipayy * Uanggm *
Uiscaxy * Yraaqajuy
vhere
thk = expected cell count
U1 = gpecific one-factor effect
UIZ(ij) = specific two-factor effect or interaction
Uiasiagny ™ three-factor effect or interaction.

The simplest models are obtained by including only the significant
U-terms. Adjusted relative risks are derived from the estimated U-terms
from an adequately fitting model.

McNemar’s Test

McNemar’s test® effectively considers discordant pairs in which only the
Ranch Hand or only the Comparison member in each pair experiences the
abnormality. Using a chi-square approximation with continuity correction,
the following statistic is used to test whether the off-diagonal entries are
evenly divided:

(|b-c|-1)?
X ow

b+e
Where b and ¢ are the number of pairs in which only the Ranch Hand is

abtnormal or only the Comparison is abnormal, respectively. This test is
compared to a chi-squared distribution with one degrea of freedom.
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TARLE 7-4. (-oatirved)
Summary of 3tatisticel Prucedures

Test for Linear Trend

For a kx2 9ont1ngnncy table in vhich the k groups fall into a natural
order, Armitage’ developed a test for a linear trend in the proportions. Let
P, denote the proportion of individuals in the ith rov possessing some
atttibute (e.g., proportion of individuals wvith abnormal values at eech of
the thre: exposure level categories). A scorxe, X, , is assigned tc each of
the k levels of the rov variabls, and the rogr«saion coefficient, B, of P, o
X, is estimated. The regression coefficient is estimited in the ususl wvay
except that P, is veighied by the sample size, n,, in each rov. P SE(
provides a norsmal deviate for testing the¢ null hypotheses of 8 =« O.
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Prelininary Analvgia

The preliminary analysis included the calculation of basic descriptive
measures for the dependent and independent variables (covariates), for each
group (Ranch Hand and Comparison). The descriptive measures included
frequency distridbutions, histograms, sean, median, standard deviation, and
range. These analyses provided an overviev of each variable and the
relstionship of the Ranch Band group to the Comparison group. In addition,
the preliminary analysis provided insight for the construction of composite
variables, the plausikility of normal/abnormal limits and cutpeints, and the
choice of possible transformations to enhance the normality of the distri-
bution of continuous dependent variables.

Another purpose of the praliminary analysis vas to examine the relation-
ship betvean the covariates and the dependent variables and the relationships
betveen ad among the covariates. To accomplish this, cross tabulations of
discrete variables vere conatructed and analyzed by the chi-square, or
Fish¢r’s exact test. For continuous variables, simple t-tests of group
diffcrences wvare done and product-momant correlation coefficients vere
computed. The preliminary analyses vere accomplished vith the use of the
SAS®. Selected covariate tables are presented in the clinical chapters for
iliastration.

Core Analysis

The coce analysis consisted of & series of steps taken to ascertain
vhether or not the data indicated a significant difierence betveen the Ranch
Bend and Comparison groups for each dependent variasble.

Beth unadjusted and adjusted analyses were performed and are presented
for each clinical chapter. Unadjusted analyses are simple contrasts betveen
the Rar..h Hand and Comparison grcups of the mean values, or proportion vith
abrorual values, of each Jdependent variable, by t-tests, one-vay analysis of
variance, Figher’s exact test, or chi-square tests, as appropriate. Adjusted
analyses take into account important covariates in the assessment of possible
group differences, i.e., the covariates are included in the general linear,
logistic regrassion, proportional odds models, or log-linear models.

Continuous Scpendent Variables

Vhen the dependent variabie vus continuous, the general linear wodels
(GLM) procedure of SAS® vas 1 3ed to fit a model of the dependent variable in
terms of the group indicator (Ranch Hand or Comparison) and appropriate
covarictes, and interactions betveen covariates. The covariates could be
continuous or categorical varisbles. If necessary,. the dependent variable
vas transforaed prier to siialysis by a_transformation (e.g., iogarithm) to
enhance normality of its distribution.” Vhen a "best” model vas fitted,
according to the gtrategy outlined belov, the test for significance of the
group difference vas then.done on the adjusted group means, provided there
vere no significant interactions betveen the group indicator and any of the
covariates. Group differences in the presence of interactions vere assessed
using stratification by different levels of the covariate(s) involved in the
intsraction or estimation of group differences at selected covariate levels
using the best model identified.
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Po; some non-normally distributed dependent variables, the Kolmogorov-
Sairnov” (K-S) test of significant differences betveen the distributions of
the variables in the tvo study groups vas conducted. The K-S test is a
nonparametric test for the equality of tvo distributions designed to detect
broad classes of alternatives.

Categorical Dependant Vuriables

Discrete deperdent variables vare analyzed by methoda parallel to those
used for continuous variables. Por dichotomous variables, logistic
regression vas carried out by the program BMDP®-LR; for this analysis, the
covariates could be either continuous or discrete. PFor polychotomous
dependent variables, vhere the number of categories vas three or more,
log-linear modeling vas parformed by the use of the program BMDP®-4F, by
incorporating the full (k)-factor interaction term involving the (k)
covariates used in the model. PFor this type of analysis, all covariates had
to be c:;:gorized. The models vere fitted by the method of maximum
likelihood.

To make the results parallel to those obtained by logistic regression,
i.e., because of the distinction bet dependent and independent variables,
the marginals vere fixed in the model,” effectively converting the log-linear
model into a logit model. The significance of the relative risk for group
vas determined by examination of the appropriate model, as detersined by the
study, that includes all statistically significant effects and the group
indicator or by examination of the significant interactions. Adjusted
relative risks vere derived froa the coefficients of the appropriate model.

¥odeling Strategy

In each clinical category, many covariates vere considered for inclusion
in the statistical models for adjusted group contrasts. The large number of
such covariates and consequent interaction terms and the resulting difficul-
ties of interpretation forced the adoption of a strategy for identifying a
moderately simple model involving only significant effects. Interpretation
of possible group differences vas then made in the context of this simple
model. A schematic representation of the generalized modeling strategy is
provided in Appendix E.

An initial model including all tvo-factor interactions and all three-
factor interactions involving group vas examined. lobal tests at the
0.15 level, or individual tests at the 0.05 level, vere used to screcn out
unnecessary three-factor interactions. A hierarchical stepvise deletion
strategy vas then used, eliminating cffects vith p>0.05 (except the main
group effect) and retaining lover order effects if involved in higher order 1
interactions, to result in the simplast model. Interactions betveen :
covariates, if significant, wvere retained as effects.

The analysis vas carried .sut by different statisticians, and thsre are
necessarily subtle differences betveen them ir presentation and approach.
This, however, should not affect any of the final conclusions as to group
differencus. In some chapters, for instance, adjusted group means are
presented, and in others the differences betwveen the adjusted group means are
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presented. In each case, the same conclugsion may be drawvn since the statis-
tic of relevance is the difference betveen the adjusted group mean and the
associated p-value. PFurther, if an interaction of group with a continuous
covariate vas found, tvo equally valid methods vere used to illustrate howv
the interection vas arising. One method vas to categorize the continuous
covariate and describe the group differences vithin each (covariate-defined)
stratum. Another technique vas to present group differences for several
selected values of the covariate. PFurther, in the presence of small frequen-
cies of abnormalities, axposure index analyses vere occasionally carried out
using only the main effects model (i.e., using group and all the :ovariates
but not including interaction terms).

It is recognized that, due to the large number of group-by-covariate
interactions examined (up to 7 per dependent variable) for some 130 vari-
ables, some of the group-by-covariate interactions judged significant at the
0.05 level may be spurious, i.e., chance occurrences and not of biological
relevance. This is analogous to the concept of Type I error for a tvo-sample
adjusted contrast.

Vhen several covariates are used in an adjusted analysis of the group
contrast for a single dependent variable, and each group-by-covariate
interaction is tested at the 0.05 level, the chance of finding at least one
that is statistically significant is, of course, greater than 0.05; this is
assuning that there is no group effect or group-by-covariate interaction.
" much greater depends on the interrelatedness of the covariates and their
sssociation vith the dependent variable.

For a study of this size, vith many interrelated dependent variables
being examined, it is not knovn hov to estimate the number of group-by-
covariate interactions that may be due to chaice alone. BHowever, this
frequency clearly vill be more than S5 percant. It is noted that this concept
should be considered vhen significant group-by-covariate interactions are
inte:  .eted. Further, it is important that the size of the p-value
associatcd vith each group-by-covariate interaction be carefully veighed, as
shv"‘dlbo the pattern of the interaction findings for related depandent
SR hles.

EX» AE INDEX AMALYSES

As described in Chapter 8, the exposure index vas constructed to portray
the lov ! of dose of the herbicide for the Ranch BRand or exposed group only.
Expcsure index snalyses vere conducted on all dependent variables. The
ocbje: " 'e of the analyses vas to determine if there vas a difference in the
}c:els of the dependent variable corresponding to the lcvcls of the exposure

ndex

The exposure index vas trichotomized as high, medium, and lov,
separatcly, for each of the three cccupational groups: officer, enlisted
flyer, enlisted groundcrev. Thus, separate analyses vere conducted for each
occupational cohort. Discrete dependent variables vere evaluated using
log-linear and logistic regression models, treating exposure level as a
categorical variable (by means of tvo indicator variables) and adjusting for
covariates. For continuous dependent variablaes, s genaral linear model vas
fit, adiusting for covariates and using tvo indicator variables to designate
exposure lavel. Contrasts betveen medium and lov, and betveen high and low
exposure levels, vers also exasined.
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Another objective ot the ATHS is to observe the Ranch Band population
and the Comparison group carefully over time for the emergencs, or delete-
rious rate change, of symptoms, signs, laboratory paramaters, or frank
disease. This followup objectivae is not vithout scier:ific and logistic
challenge, considering mobile populations, problems of ioss to study,
changing lsboratory methods and diagnostic criteria, and che diversity of
many changing factors over a period encompassing numerous followup
excainations. The folloving sections describe the statistical procedures
used for both continuous and categorical longitudinal data.

Continuous Data

A repested measurements analysis of variance procoduro‘° vag used to
analyze the variables measured on s continucus scale. The model for the
dependent variable (Y) messuresart on the kth participant (X ) in the ith
group (o) ut the jth time (ﬁ,) is as follovs:

Y“k-ﬂw“ﬂ + Koo -0-3, *‘U + €4y

The sourcas of variation and associated degrees of freedom are given
below:

Sauzce Degreas of Freedom*
Group (Ranch Band vs. Compatison) 1
Subject/Group 2,108
Time (Baseline vs. Followup) 1
Group-by-Time 1
(Subject-by-Time)/CGroup 2,108

*Based on 971 Ranch Bands and 1,139 Comparisons.

The primary source of interest is the group-by-time interaction (°‘\j)°
With measurements on each participsnt at only tvo times (Baseline and
followup), a test on this interzctinn is equivalent to a test on the equality
of mean diffarences (Baseline minus fclluwup) betveen the Ranch Hand and
Comparison groups.

Care must be taken in the interpretation of the main effect. time (8,)
(i.e., overall Baseline mean varsus overctll followup mean). This effect is
totally confcunded with laboratory differences, and vith cover 2,000 partici-
pants, "signiflicant differences" come easily.

The source of variation due to group (c%) reflects a difference bhetvean

the cverall Ranch Hand and Compsrison means (averaged over both times). This
source should complement the group difference findings at Baseline and at
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follovup, provided the group changes vere consistent (no significant group-
by-time interacticn). All available participants vere used at each Baseline
and followup analysis, vhile only the participants vith both measuresents are
included in the repeated measurement anslysis.

Covaristes vere not used in thase analyses. Generally, time-independent
{e.g., yoar of birth) and time-dependent (e.g., smoking) covariates can be
used. Only the tise-dependent covariates would affect the primary source of
interest, namely the group-dy-time interaction. HRence, all of the previously
considered time-independent covariates wvould affect only the main group
effect, a source rot of primary interest since it is boing considered in the
separate cross-vectional analyses.

Categorizal Deta

Frequently, data wvere collected as normal-abnorsal, or continuous
measurements vere discretized into this binomial response. For each Ranch
Bund and Comparison group, a Baseline versus followvup 2x2 (normzl-abnormal)
table of frequencies wvas prepared (paired data):

Follovup
Ranch Hand Comparison
Abnormal Normal Abaoreal Norsal
Abnormal s Abnormal X
Baseline
Normal v Normal X

As vith the McNemar test, only the Abnormal-Normal and Normal-ibnorpal
off-diagonal data vere used in further contrasts. A conventiomal test vas
used to test the null hypothesis of a comparable change patterr for the tvo
groups (unpaired data).

Change Pattern
Normal- Abnormal-
Abnormal Normal

Ranch Band v/ v

Group
Comparison

This test is equivalent to }?sting no group-by-time-by-endpoint interaction
in a matched pair analysis.
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Thir chapter describes the development of the exposure index of the
AFHES. Portions of this chapter are paraphrased from the Baseline Morbidity
Report, 24 Pebruary 1984,

An incresses iacidence of adverse health cffects at higher levels of
expogure represents a classic increasing dose-response relationship. The
potential relationship of clinical endpoints vith herbicide exposure can be
testsd uring aun estimate of exposure, hereinafter called an expoaure index,
for each momber of the Ranch Hand cohort of the AFES. Howvever, due to a
variety of biowedical mechanisms, thers can be exceptions to the hypothesis
vl a consistently increesing dose-response relationship.

An index of potential exposura to any of four TCDD-coataining herbicides
fron fixed-wing spray missions vas constructed for each Ranch Bapd from the
available historical data. The index serves as an estimate only, since the
actual concentration of TCDD in the herbicides varied from lot to lot and
individual assesswents of actual body burden cannot be made. The four TCDD-
containing herbicides used in the development of the index are Herbicide
Orange, Kerbi:ide Purple, Korbicide Pink, and HBerbicide Green. The exposure
index vas designed to correlats as closely as.pessible vith exposure and is
not an exact maasura of actual iadividual expcsures. Although the index con-
tains errors vhan used to assass the exposure of a specific individusl, it
provides sove degree of useful inferance for groups of similarly axposed
individusls. In summery, the exposuce index in the AFHES is a surrogate
indicator cof TCDD exposure.

The exposure index developud for the Baseline study and used in this
report is dafired in Table 8-1.

The exposurs index for the ith subject, deénoted B,, is defined as the
product of the TCDD veighting factor, the gallons of Ttno-contalning ,
herbicide sprayed in the Republic of Vietnam theater during the tour of the
ith subject, and the inverse of the number of men sharing the subject’s
dutiex during the tour of the ith subject. Bach of thuse factors is
described bslovw.

The TCDD veighting factor reflectis the estimated relativae concentration
of TCDD in the herbicides sprayei. The estimated mean concentrations of TCDD
ir Herbicide Crange, Herbicide Purple, Berbicide Pink, and Herbicide Green
are 2 parts per millicn (ppm), 33 ppa, 66 ppu, and 66 ppam, respectively.
Archived samples of Herbicide Purple indicate a mean concentration of
approximately 33 ppam, and samples of Herbicide Orange had a mean concen-
tration of about 2 ppm. Since Herbicide Pink and Herbicide Green contained
tvice as much 2,4,5-T as Herbicide Purple, the moan concentration of TCDD in
these two herbicides vas approxicately 66 ppa. Based on procuremen: records
and dissemination information, a combination of Rerbicide Green, Herbicide
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TABLE 8-1.
Algoritha for Exposure Index

llons of TCDD- 1
. Containing Herbicide Number of Men vith Subject’'s
B, = v:igbting} x {Sprayed in the RVN x {Duties in the RVN Theater During
actor Theater During the the Tour of the ith Subject

our of the ith Subject

vhere B, = Exposure Index for the ith Subject

( 24.0 if bufore 1 July 1965
TCND Veighting Factor = \ 1.0 if on or after 1 July 1965

Since prior to 1 July 1965 a combination of Herbicides Green, Pink, and
Purple vith a mean concentration of 48.0 ppm vas sprayed, and after

1 July 1965 only Herbicide Orange vith a mean concentration of 2 ppm vas
sprayed, the ratio is then 48:2 or 24:1.

Gallons of TCDD-Containing ber of Gallons of Herbhicides Orange,
Herbicide Sprayed in the = (Green, Pink, and Purple Expressed in
RVN Theater During the Herbicide Orange Equivalent Gallons
Tour of the ith Subject ed on Mean Concentration of TCDD

Using the following:

Mean Concentration (ppm)
TCDD

Herbicide of
Green 66
Orange . 2
Pink ‘ 66
Purple 33

Duties in the RVN Theater During in the Same

Number of Men with Subject’s } umber of Personnel
the Tour of the ith Subject ccupational Category

Source: Buseline Morbidity Report, 24 February 1984,
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Pink, and Berbicide Purple vas sprayed betwveen January 1962 and 196. The
estimated mean concentration of TCDD for this time vas 48.0 Ppe, us’ag
available data on the number of gallons procured and sprayed.

The Berbs Tape and other data sources' indicate that only Herbicide
Orange vas disseminated after 1 July 1965. Normalizing to Herbicide Crange,
the veighting factor becomes 24.0 before 1 July 1965 and 1.0 after
1 July 1965. )

Using the Eerbs Tape, Contemporary Historical Evaluation and Combat
Operations (CHECO) Reports, and quarterly operations reports, a table of
gallons of TCDD-containing herbicide sprayed for each month of t! - operation
vas constructed. Gallons of Herbicides Purple, Pink, and Green vere
converted to Herbicide Orange equivalent gallons based on the TCDD wveighting
factor of 24.0. This information is provided in Table PF-1 of Appendix PF.

The dates and occupational category of each Ranch Hand’s tour(s) in the
Republic of Vietnam vwere obtained by a manual reviev of military records.
The study design specified five occupational categories: (1) officer-pilot,
(2) officer-navigator, (3) officer-nonflying, (4) enlisted flyer, and (5)
enlisted groundcrev. Based on the reviev of the records, the Ranch Hand
smanning for each occupational category by month vas compiled. This
information is also presented in Table P-1 of Appendix P.

A numeric exposura index reflecting the effective number of gallons of
Herbicide Orange to vhich each individual vas potentially exposed wvas com-
puted. For the purpose of analysis, the values vere categorized as high,
madiux, or lcv for esch occupational category. Only three occupational
categories were used. The three officer categories vere combined into one
since pilots and navigators vere exposud in the same manner and the officer-

nonflying category, vhich included a relatively small number of participants,

consisted of administrators vhose exposurs vas consideted to be essentially
tero. The overall group of "nonexposed” Ranch Hands, ostimated at
approximately 2 percent of the Ranch Band group, vas analyzed in the low
exposure category (see Table 8-2), conccivably leading to dilution of the
exposure analyses and group contrasts. The exposure index categorizations
developed for the Baseline study and used in this report are provided in
Table 8-2, along vith the frequencies of Ranch Hand participants by
occupation and exposure level.

The current exposure index is not specific to job and, therefore, may
underestimate exposure for those individuals vhose jobs required routine
handling of herbicide. For example, maintenance schedules for the aircraft
herbicide spray tank requiced that an emergency dump valve be periodically
greased, requiring entry into the tank. The current exposure index cannot
distinguish betveen men vho received such exposure and men vho did not. The
extent to vhich individuals are misclassified by the curreant exposuvre index
is not known, precluding bias calculations at this time.

Because of the acknovledged imprecision of the exposure index, Air Ferce
efforts are under vay to develop nev perspactives of exposure. One effort is
the construction of a nev questionnaire for the 459 enlisted groundcrev per-
sonnel that may permit more accurate exposure analyses vithin this category.
Another approach is the measurement of serum dioxin levels.

8-3




TABLE 8-2.

Exposure Index Categorization of
1,016 Compliant Ranch Hands

Effective
Herbicide Orange Number of Ranch Hand
Exposure Gallons Corresponding Participants

Occupational Group Category to Exposure Category in Exposure Category

Officer Low <35,000 127
Medium 35,000-70,000 130

High >70,000 123

Enlisted Flyer Low <50, 000 55
Medium 50,000-85, 000 : 65

High >85,000 57

Enlisted Groundcrew Low ' €20, 000 154
: Medium 20,300-27,000 163

High »>27,000 142

Total 1,016

The Air Force currently is conducting a pilot study in conjunction wita
the laboratories of the Centers for Disease Contrcl, Atlanta, Georgia, to
determine levels of TCDD in serum and to establish the validity of exposure
differential wvithin the Ranch Hand and Comparison groups. This study is in
accordance with the Study Protocol commitment to estimate dosage of TCDD as
accurately as current technology permits. If successful, use of time-
adjusted TCDD levels wvould permit more accurate exposure analyses vithin the
Ranch Hand group. Perhaps of most importance, accurate TCDD levels within
the Ranch Hand group could standardiza exposure t2 a comparable baseline for
all participants. Thus, the use of adjusted TCDD levels will place the
exposurs. conce2pts on a firm scientific basis, and if herbicide effectz exist,
they can be discerned more accurately.




1.

foung, A.L., J.A. Calcagni, C.E. Thalken, and J.V. Tremblay. 1978. The
toxicology, environmental fate, and human risk of herbicide orange and
its associated dioxin. Technical report OBHL-TR-78-92, USAF
Occupational and Bnvironmental Health Laboratory, Brooks AFB, Texas.
247 pp.
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CHAPTER 9
GENERAL HEALTH

INTRODUCTION

The effects of heavy, acute exposure to TCDD have baen demonstrated in e
number of different orgsn systexs. It is plausible, therefore, that chronic
lov-dose exposure to TCDD might induce subdtle, interrelated effects tha: are
rs* organ-system specifiz, but are manifest only in general terms, or affect
the state of "vell-being." However, it is difficult to measure overall
health objectively, gnd for this reason general health outcomes, as defined
. by this study, should be judged in context with other more specific clinical
endpoints. (It should be noted that "general health” outcomes have not
traditionally been considered in other dioxin merbidity stud:ies.)

Baseline Summary Results

Five general health variables were included in the Baseline examination:
self-percepticn of health, appearance of illness or distress, relative age,
sedimentation rate, and parcent body fat. In the analysis of the 1982 Base-
line examination da*a, a statistically significant difference vas found
betveen the Ranch Hand and Comparison groups in self-perception of health,
with a greater percentage of Ranch Hands reporting their health as fair or
poor than Comparisons. This was true in both the younger and oclder age
groups (p=0.017 and p=.025 for individuals 40 or less and more than 40 years
of age, respectively). The relative risk of the Ranch Hand group was also
somevhat greater in the younger subgroup than in the older subgroup (1.8 and
1.4, respectively). Since only 9 of 1,811 individuals verc reported by the
examining physician as appearing i1l or distressed, this designation was
apparently reserved for only very ill or distressed individuais. Neverthe-
less, 8 of the 9 individuals vere Ranch Hands, the difference being of
borderline significance (p=0.056). Conversely, more Ranch Hands than
Comparisons vere reported by the examiners a® appearing younger than their
actual ages (4.9% versus 2.5%, p«0.029). No overall differences in percent
body fat or sedimentation rate were found, although a significant interaction
betveen age, group. and sedimentation rate vas noted; younger exprsad group
members had fever sedimentation rate abnormalities than did their Compari-
sons, vhereas nc difference wis found in participants more than
40 years old. No statistically significant dose-response relationships vere
detected in the Ranch Hand group.

Parameters of the 1985 General Health Assessment

Variables of the Brseline examination (self-perception of health,
appearance of illness or distress, relative age, sedimentation rate, and
percent body fat) vere analyzed for the third vear followup effort.




As an agsessment of the general health status cof each individual, three
subjective measures vere rade as vell as two more objective measures. During
the health interview each study participant was asked, "Compared to other
people your age, would you say that your health is excellent, good, fair, or
poor?" This self-assessment of health is susceptible to varying degrees of
conscious and subconscious bizs. The examiner recurded the appearance of
illness or distress (yes/no) and noted the appsarance of the subject as
younger than, older than, or the same as his stated age. To the degree that
the examining physicians were kept blind to the study subject’s group member-
ship (Ranch Hand, Comparison), their assessments wvere less subject to bias.

The two objective measures were percent body fat, calculated from the
body mass index, and the erythrocyte sedimentation rate. Although both
variables are rather indirect measures of the general state of health, they
are accepted indicators of poor healtk.

The adjusted statistical analyses below accounted for differences asso-
ciated with age, race, and occupation. In the analysis of self-perception of
health and sedimentation rate, adjustment wvas a.so ?ade for personality
score, determined from the Jenkins Activity Survey.” This is a continuous
variable derived by means of a discriminant-function equation based on items
that best discriminate men judged to be Type A from those judged as Type B.
Positive scores reflected the Type A direction and negative scores the Type B
direction. Table G-1 of Appendix G gives the distribution of the covariates
in the Ranch Hand and Comparison grouns. Age, race, and occupation were
distributed similarly in the two groups (due to matching), and personality
scores were also not significantly different.

Aside from the subjective nature and potential bias in the self-reported
perception of health, no specific issues related to assessrent methodology
require further comment. No individuals were excluded from analysis, except
those with missing data.

Chi-square tests and logistic regression models were applied to the
categorical data. The sedimentation rate was rnormalized by logarithmic
transformation. The proportional odds model was also used for ordinal Jata
provided by the self-perception of hcalth and relaiive age variables.
Fisner’s exact test was applied to the reporting of illness or distress. by
the examining physician because of the smsll numher of cases who vere
classified as "{ll." A two-sample t-test was used to assess differences in
unadjusted group means, followed by multiple regression analysis to
incorporate covariates, for percent body fat and sedimentation rate.

RESULTS AND DISCUSSION

Subjective Assessments

Self-Perception of Heaith
Each participant was asked to designate his health as excellent, good,

fair, or poor. The frequancy distributions of self-perception of health for
each cohort are given in Table 9-1.
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TABLR 9-1.

Unadjested Amalysis for Self-Perceptiocn
of Health by Group

Self-Ferception of Health
Excellent Good Fair ___ Poor

Group Number Percent Mumber Percent Number Percent Mumber Percent Total

Ranch Hand 490 48.2 434 42.7 74 7.3 18 1.8 1,016
Comparison 674 - 52.1 325 ‘0.6 81 6.3 13 1.0 1,293

p=0.14

The summariszsed data in Table 9-1 shov that a higher percentage of Ranch
Hands perceived their haealth to be fair or poor (9.1X) than the Comparisons
(7.3%), althcugh this difference vas not statistically significant (Bst. RR:
1.25, 95X C.I.: 10.95,1.64], p=0.14). Of considerable interest is that the
percentage of both groups parceiving their health as only fair or poor vas
lover than that reported at the Baseline exsmination 3 years earlier (20.4%
snd 15.9X for Ranch Hands and Comparisons, respectively). This shift vas the
opposite of that expected frum an aging effect. The data collection tech-
nigue vas an in-home intervicy in 1982 versus an onsite clinic interviev in
1983, but this wvas not judged to be the likely cause of the improvement in
health perceptions for the 3-year period. WVhatevar the cause, the sffacts
vere similer in hoth groups.

A test of association betveen health perception (dichotomized as
excellent/gocd and fair/poor) vas performed with the covariates of age (born
in or after 1942, born before 1942), race, occupation, and personality score
(Jerking scors, trichotomized as lov [less than -5], medium [batween -5 and
5], and high [greater than 5]). These associations vere examined both vithin
the Rench Hand and Comparison groups and pooled over the two groups. The
findings veie similar, and Table 9-2 shovs the results after pooling.

These results indicated a significont effect of age, vith a higher per-
centage of the older cohort than the younger cohort reporting their health as
fair or poor, as well as 2 significant effect of occupation, vith the per-
centage of enlisted personnel reporting fair or poor health nearly twice that
of the officers. No significant associations vere noted for race or person-
ality score.




TABLE 9-2.
Association Betveen Self-Perception of Health and

Age, Race, Occupation, and Persomality Score in the
Combined Ranch Hand and Comperison Groups

Self-Perception of Health

Bxcellent/Good Fair/Poor
Covariate

Covariate Category Number Percent Nusber Percent Total p-Value
Age Born 21942 - 903 94.0 58 6.0 961 0.003
Born <1942 1,220 90.5 128 9.5 1,348
Race Black 130 90.9 13 9.1 143 0.76
Nonblack 1,%93 92.0 173 8.0 2,166
Occupation Officer 819 94.8 45 3.2 864
Enlisted
Mlyer 347 89.7 40 10.3 387 <0.001
Enlisted
Groundcrev 957 90.4 101 9.6 1,058
Person- Lov 827 92.2 70 7.8 897
ality Medium 716 91.2 69 8.8 785 0.61
Score High 3573 92.6 46 7.4 619
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Adjuited analyses of self-perception of health were done by logistic
regression using the covariates of age, race, occupation, and personality
type. (Self-parception of health vas dichotomized and the covariates
categorized as in Table 9-2.) These analyses revealed statistically
significant age and occupation effects, as well as a significant group-by-
occupation interaction (p=0.015). BExponentiation of linear combinations of
relevant regression coefficients generated adjusted relative risks for each
occupational stratum. These summary data are presented in Table 9-3.

TABLE 9-3.

Adjusted Relative Risks of Self-Perception
of Health by Occupatioa

Adj. Relative
Occupation kisk (95X C.I.) p-Value
Officer . - 0.78 (0.42,1.46) 0.441
Enlisted Flyer 0.75 (0.38,1.46) ‘ 0.398
Enlisted Groundcrew 1.90 (1.25,2.88) 0.003

These analyses shoved significant group differences in the self-
perception of health for the enlisted groundcrev category hut not for the
officers or enlisted flyers. This is perhaps more clearly seen in Table 9-4,
vhich gives the frequency distribution of solf-pcteoption of haalth
stratified by occupation.

Among officers and enlisted flyers, a lower percentage of Ranch BHands
than Comparisons perceived their haalth as fair or poor. (Thess same Ranch
Hands vere also less likely to viev their health as excellent.) In the
enlisted groundcrev cohort, 12.7 percent of the Ranch Hands re¢,orted their
health as fair or poor versus 7.2 percent of thc Comparisons.

Because the logistic model does not account for the crdinal nature of
the self-perception of health variable, a proportional odds model fur ordinal
responses vas also fit to the data in Tables 9-1 and 9-4.

For the ordinal responses in Table 9-1, the proportional ndds model
vielded a statistically signifizant result (p=0.037), vith Loorer health
estimated to be 1.18 times greater in the Ranch Hand group than in the
Comparison group (95X C.I.: [1.01,1.39]). For the data in Table 9-4, a
proportional odds model fit to each occupational stratum (adjusting for age)
yielded p-values of 0.65 for officers, 0.43 for enlisted flyers, and 0.031 for
enlisted groundcrev. Thus, oaly the enlisted groundcrewv cntegory reachad
?tasistigal significance, vith ndjusted proportional odds of 1.30 (95X C.I.:

1.02,1.64)). -
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TAMLE 9-4.

Frequancy of Self-Ferception of Health
by Occupation amd Group

Self-Perception of Health
Excellent Good Fair Poor

Occupation Number Percent Number Percent Number Percent Number Percent Total

Officer
Ranch Hand 238 62.6 124 32.6 13 3.4 S 1.3 380
Comparison 314 64.9 143 29.6 23 4.8 4 0.8 484
Enlisted
Flyer
Ranch Band 67 7.8 9% 53.1 13 7.3 3 1.7 177
Coaparison 94 44.8 92 43.8 19 9.0 S 2.4 210
Bnlisted
Groundcrev
Ranch Hand 185 40.3 216 47.1 A8 10.5 10 2.2 458
Comparison 266 hb .4 29 48.4 39 6.5 4 0.7 599

Sinilar results vere obtained vhea the analyses vere performed on the
1,016 Ranch Bands \nd 955 Original Comparisons completing the third-year
health interviev. ‘These results are provided in Table G-2 of Appendix G. In
the unadjusted analycis, the estimated relative risk for fair or poor health
versus excellent or 4ood health reached statistical significance (Bst. RR:
1.43, 93X C.1.: [1 n3,2.00], p=0.042). In the adjusted analysis, group
sembership, age. i occupation effects were all statistically significant
vith an adjrsteu relative risk of 1.48 795X C.I.: [1.05,2.07]). The group-
by-occupation interaction, novever, did not reach statistical significance
(p=0.23). Nevertheless, little difference wvas seen in the officers and
enlisted flyers, vhereas among the enlisted groundcrev, 12.7 percent of the
Ranch HBands versus 7.4 percent of the Original Comparisons reported their
health as fair or poor.

Contragts of the Ranch Hand and Original Comperison groups using the
proportionsl odds model yielded only borderline significant results. For the
unadjusted analyei» app!” to the overall data, the estimated proportional
odds vere 1.17 ‘... C.” .0.99,1.39), p=0.073). Stratifying by occupation
and adjusting for age ,aive p-values of 0.76, 0.11, and 0.078 for the offi-
cers, enlisted flyers, and enlieted groundcrev, respectively. The adjusted
?goggr{igg?§ odds in the enlisted groundcrev cohort vere 1.26 (95X C.I.:

. ’ . L]
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Appesrance of Illmesc or Distress

The recording of the appsarance of acute i1l heelth or phvsical distress
at the examination vas intended tc¢ capture significant subjective health data
that might (though not likely) escape corroboraticn by other physical exam-
ination or laboratory data. In particular, examining physicians vere
roquested to affirm the presence of acute distress vhen the sign of hippo-
cratic facies was present, a sign not easily feigned by participants. Very
fev participants vere diagnnsed as being acutely ill; these data are
summarized in Table 9-5.

TARE 9-5.

Unadjustoed Anelysis for Appearance of
Acute Illness or Distress by Group

Acute Illness or Distress

Yes No
Group Number Percent Numbur Percent Total p-Value*
Ranch Hard & 0.4 1,010 99.6 1,014
0.53
Comparison 6 . 0.3 1,287 99.5 1,293

*PFisher’s exact test, l-sided.

These data vere too sparse to permit further meaningful snalyses.
Descriptively, it vas noted that 9 of the 10 ill individuals vere in the
older age group; 9 of 10 vere norblack; and 2 vere officers, 4 vere enlisted
flyers, and 4 vere enlisted groundcrev. Ths 6 ill Comparison individuals
vere all Original Comparisons, as can be seen in Table G-3 of Appendix G.

Further, these results vere in substantial contras: to the Baselire
findings that revealed a marginally significant excess (p~0.056) of acute
distress among the Ranch Hands.

Appearance of Relative Age

The examining physicians scored each pariicipant as appearing younger,
olg;r, or the same as his chtonological age. These iata are presented in




TABLE 9-6.

Unadjusted Analysis for Appearance of
2mlative Age by Crowp

Appsarance of Relative Age

Younger Same Older
Group Number Percent Numbter - Percent Number Percent Total p-Value
Ranch Hand 16 1.6 957 94.3 42 4.1 1,01% 0.1
Comparison 9 0.7 1.233  95.4 51 .9 1,293

These frequency distributions shoved that a slightly higher percentage
of Ranch Hands than Coaperisons appesred younger than their stated age, and
almost equivalent percentages in both groups appeared older. Overall, there
vas no significant difference in the two distributions. The unadjusted
findings in Table 9-6, hovevor, did not coufirm the significant tendency
(p=0.029) at the 1982 Baseline axamination for a higher percentage of the
Ranch Hands than Comparisons to appear younger than their stated ages.

Tsble 9-7 presents the association betveen sach of the covariates and
relative age (dichotomized as older looking versus the same or younge.
looking) aufte; combining the Ranch Han? snd Comparison groups.

As noted froa this table, sge and race vere not significantly associated
wvith the appearencc of relative age, vhereas occupation did reveal a sijmif-
icant association, vith about 6 percent of the enlisted personnel appeari g
older than their stated ages compared to 1 percent of the officers.

Ap adjusted analysis using logistic regression vith the ccvarictes age,
race, and occupation showved 2 significant effect due to occupatinn as well as
a significant group-by-occupation interaction (p=0.038). Adjusted relative
risks for each occupational stratus are given in Table 9-8.

The adjusted relative risk vas greater than 1 for the officers, i.e.,
the odds of appearing older vere greater in the Ranch Hand group than in the
Comparison group, but the relative risk vas less than 1 for the enlisted
flyers. Hovever, the associated confidence intervals vere rather broad and
did not rule out a relative risk of 1 in each case. Again, becsuse the
logistic regression model doas not account for the ordinal nature of the
dependent variable, a propertional odds model vas applied to the enlisted
flyer cohort (data in the officer and enlisted groundcrev strata did not fit
the model properly). The estimated proportional odds for the enlisted flyer
c0305;7¥ete nonsignificant (estimated odds: 0.49, 95X C.I.: [0.22,1.11},
p-,. .
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TABLR 9-7.

Asyociation Be en Appaarance of Relative Age and Age,

Race, .nd Occupation in the Combined
Ranch Band and Comparison Croups

Appesrance of Relative Age

Younger/Sase Older
Covariate )
Covariate Category Number Percent Number Percent Total p-Value
Age Born 21942 - 914 95.2 46 4.8 960 0.14
. Borm <1942 1,301 96.5 47 3.5 1,348
Race Black 138 9.5 5 3.5 143 0.91
Nonblack 2,07, 95.9 88 4,1 2,165
Occupation 0Qfficer 85% 99.0 9 1.0 864
Enlisted 362 93.5 25 6.5 387 <0.001
Fiyer
Bnlisted 998 9.4 59 5.6 1,057
Groundcrev
TABRLE 9-8.
Adjusted Balative Rigks of Appesrance of
Relative Age by Gecupation
Adj. Relative
Occunation Risk (95X C.I.) p-Value
Officer 4.52 (0.94,21.9) 0.060
Enlisted Flyer 0.44 (0.23,1.27) 0.159
Enlisted Groundcrew 1.05 (0.62,1.78) 0.849
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A contrast of the Ranch Hand group vith the Original Comparisons gave
similar results, as shown in Table G-4 of Appendix G. Overall, there vas
little difference, but the group-by-occupition interaction vas of borderline
significance in the adjusted analysis (p=0.032). Differences vere largely
confined to the enlisted flyers, vhere fever Ranch Hands than Comparisons
sppeared older than their stated ages (Adj. RR: 0.47, 93X C.I.: [0.20,1.12],
p=0.089) (see Table G-5 of Appendix G). A proportional odds model applied to
the enlisted flyer stratum gave adjusted proportional odds of 0.45 (95X C.I.:
[0.20,1.02]), p=0.035).

Objective Assessmants

Tvo objective but nonspecific indicators of general health, the eryth-
rocyte sedimentation rate and percent body fat, vere analysed in both
discrete and continuous foruzs. Because the sedimentation rate vas a highly
. skeved variable, it vas norsalized by logarithaic transformation for the
continuous analyses. The sedimentation rate dichotomy was set at 20 ma/hr or
lass (normal) and greater than 20 sa/hr (abnormal) by the large-tube Vaster-
gren method. Percent body fat vas besed on height and veight obtained during
the examination and vas calculated aceor’ing to the following formula:
Percent Body Fat = (Veight[kg]/Height{m]“)(1.264) -~ 13.305. It is recognised
that this formula vill overstate the percent body fat for very muscular,
large-boned men. Percent body fat vas trichotomized into less than 10 percent
(lean), 10 to 25 percent (normal), and greater than 23 percent (obese), con-
sistent vith the Baseline Report. Becsuse of the sparseness of the lean
cntcgory“it vag often necessary to use a dichotomous variadble of lean-normal
versus obese.

Erythrocyte Sedimentation Rate

The unadjusted contrast of log sedimentation rate means revealed no
significant group differences (meanySB=1.62040.026 in the Ranch Hand group
versus 1.595:0.021 in tle Comparison group, ta0.73, p=0.47). The geometric
sean values vere 3.0% and 4.93 for the Ranch Hand and Comparison groups,
respectively. Tests of agsociation of dichotomised sedimentation rate, vith
the covariates age, race, occupation, and personality score, pooled over both
groups, vere conducted; these summerized data are shovn in Table 9-9.

These results shoved significant effects of age, vith older individuals
having a higher frequency of abnormal sedimentation rates than younger
individuals, and a significant effect of personality score, wvith Type B
individuals (lov personality score) having more sedimentation rate
abnormslities. The effect of occupation vas of borderline significance
(p=0.080), vith a slightly higher percentage of abnorm.l values =2zcig the
enlisted flyers than among officers or enlisted grounccrev. There vas no
evidence of any association betwveen race and abnormal sedimentation rate.

An analysis of the log sedimentation rate, adjusting for age, race,
occupation, and personality score, detected significant effects for all of
the covariates except race, as vell as a significant age-by-personality score
interaction. As in the unadjusted analysis, the adjusted analysis did not
reveal any significant difference betveen the Ranch Hand and Comparison
groups (p=0.412).
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TABLER 9-9.
Association Betveen Sedimentation Rate and

Age, Race, Occupation, and Personality Score in the
Combined Ranch Hand and Comparison Groups

Sedimentation Rate

Normal Abnormal
<20mm/br >20mm/hr

Covariatvy
Covariate Category Number Percenrt Namber Percent Total p-Value

Age Born 21942 941 97.9 20 2.1 961 <0.001
Born <1942 1,263 93.7 85 6.3 1,348

Race Black 136 95.1 7 4.9 143 0.999
Noablsck 2,068 95.5 98 4.5 2,166

Occupa- Officer 828 95.8 36 4.2 864

tion Enlisted k(3] 93.3 26 6.7 387 0.080
Myer
Bnlisted 1,015 95.9 43 4.1 1,058
Groundcrev

Person- Lov 843 94.0 S4 6.0 897

ality Medium 158 96.6 27 3.4 785 0.026

Score Bigh 595 96.1 24 3.9 619
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Hovever, in the dichotomous form, sedimentation rate abnormalities vere
significantly more prevalent in the Ranch Hands than Comparisons (Bst. RR:
1.63, 95X C.I.: [1.12,2.38], p=0.013); thase results are given in Table 9-10.

Logistic regression analysis found signilicant cff.cts for age and
personality score, and the adjusted relative risk of 1.68 (95X C.I.:
{1.13,2.49), ps0.011l), vas very similar to the estimated relative risk
of 1.63.

TABLR 9-10.

Unadjusted Analysis for
Sedimantation Rate by Group

Sedimentation Rate

Normal Abnormal
<20 mm/hr >20 mm/hr
Group Number Percent Nusber Percent Total  p-Value
Ranch Hand 957  94.2 59 5.8 1,016
0.013
Comparison 1,247 96.4 46 3.6 1,293

The mean log sedimentation rate in the Original Comparisons vas
1.636 plus or minus 0.025, not significantly different from the Ranch Hand
mean (t=-0.45, p=a0.65). The regression analysis yielded results very similar
to those reported above, vith little difference in the adjusted group means.
Logistic regression analyses also gave similar results, vith significantly
more abnormalities in the Ranch Hand group (p=0.037).

In summnry, there vas no difference betveen groups based upon mean
values of the sedimentation rate, unadjusted or adjusted, but both unadjusted
and adjusted discrete analyses shoved a significantly higher prevalence of
sedimentation rate abnormalities in the Ranch Hand group. This finding was
opposite to the Baseline findings in vhich Ranch Rands age 40 or less had
significantly fever sedimentation rate abnormalities than Comparisons, vith
no group difference in individuals over the age of 40.

Fercent Body Fat

The mean percent body fat of Ranch Hands vas significantly lower than
that of Comparisons (21.10X:0.15 versus 21.54%:;0.14, respectively; p=»0.037).
Because there vere only a fewv values in the lean category (6 in the Ranch
Hand group and 4 in the Comparison group), percent bedy fat was dichotomized
into at most 25 percent (lean and normal) and more than 25 percent (obese)
for tests of association betveen percent body fat and the covariates age,
race, and occupation. The results are given in Table 9-11.
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TABLE 9-11.
Association Betveen Percent Body Fat and Age,

Race, and Occupation in the Combined Ranch Hand
and Comparison Groups

Percent Body Fat

Lean/Normal Obese
Q5% - >25X

Covariate
Covariate Category Number Percent Number Percent T1otal p-Value

Age Born 1942 802 83.4 159 16.6 961  0.005
Born <i%2 1,060 78.7 287  21.3 1,347
Race Black 110 76.9 13 23.1 143 0.29
Nonblack 1,752 80.9 413 19.1 2,165
Occupation Officer 719 83.3 144 16.7 863
Enlisted 214 81.1 73 18.9 387  0.023
Flyer
Enlisted 829 78.4 229  21.6 1,058
Groundcrev

These data demonstrated the significant effects of ages, with a higher
percentage of obesity in older men, and occupation, with a higher prevalence
of obesity in enlisted personnel than in officers. Race was a noncontribu-
tory covariate. The covariate of smoking was unexplored.

An adjusted analysis of percent body fat, with the same covariates, also
shoved the significant effects of age, occupation, and an age-by-occupation
interaction. The adjusted results showved a small, but significantly lower
mean level of body fat in the Ranch Hand group (adjusted difference=-0.443¢
0.210, p=0.035).

Vith percent body fat dichotomized into obese versus normal or lean, the
percent obese was lower in the Ranch Hands than in the Comparisons (18.22
versus 20.2X), but the difference was not significant (Est. RR: 0.90,

95% C.I.: [0.71,1.08], p=0.25). Logistic regression analysis also failed to
detect a significant group difference (Adj- RR: 0.87, 95X C.I.: [0.71,1.08],
p=0.204).

Analysis of percent body fat in the Ranch Hands and Original Cocaparisons
gave somevhat different results. The overall difference in means was signif-
icant as before: 21.10 plus or minus 0.15 in the Ranch Hand group versus
21.58 plus or minus 0.16 in the Original Comparison group (t=-2.15, p=0.032).
However, the regression analysis detected a statistically significant group-
by-race interaction (p=0.041). The adjusted difference in mean percent body
fat (Ranch Hand versus Comparison) was greater in Black participants (-2.26X)
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than in nonblack participants (-0.34X). Of the Original Comparisons

(Table G-7 of Appendix G), 20.4 percent vere ocbese, greater thar, but not
significantly different from, the percent obese in the Ranch Hand group
(p=0.230). Logistic regreasion analyses again detected significant aga and
occupation effects, but it detected no significant interaction between these
variables. There vas no strong evidence of a group-by-race interaction
(models including 211 two-factor interactions gave a Z-value of 1.19 for the
group-by-race interaction). The group effect vas not statistically signifi-
cant (Adj' RR% 0-87' 95z C-I.! [0-70,1009]' p'o.z‘z).

In summary, the unadjusted and adjusted tests of mean percent body fat
shoved a significantly lower value for Ranch Hands; correspondingly fewer
Ranch Hands than Comparisons were obese, although this difference was not
statistically significant. Fev individuals vere lean (less than 10 percent
body fat). The 1982 Baseline examination found no difference in group means
(p=0.67), or proportion of abnormalities (p=0.89). Further, analyses based
solely upon the Original Comparison cohort found the difference in mean
percent body fat between the Ranch Hand and Comparison groups to be greater
in Blacks than nonblacks.

EXPOSURE INDEX ANALYSES

The exposure index, expressed in equivalent gallons of dioxin-containing
herbicide potentially encountered by each Ranch Hand during his tour of duty
in Vietnam, was categorized as low, medium, and high. Because it is not
possible to assess the relative exposure between occupational groups, and
since different cutoff values vere used in the three occupational categories,
separate analyse:s vere performed within each occupational cohort. A detailed
description of the exposure index is found in Chapter 8. Exposure analyses
vere performed on four of the five general health variables. Only four Ranch
Hands were recorded as appearing ill or discressed (two were officers, both
in the lov-exposure category, and two were enlisted flyers, both in the
high-exposure category). Further analysis was not done on this variable.

Self-Perccoption of Health

Table 9-12 presents dichotomized self-perception of health data by
exposure level for the 1,016 Ranch Hands. While these vnadjusted contras:s
did not reach statistical significance within any of the occupational strata,
the linear trend from low to high exposure in the officer cohort of the
fair/puor category was of interest, and vas subjected to further testing.
Although the numbers were small at each exposure level, a test for linear
trend led to a borderline significant increase of 2.5 plus or minus 1.3
percent per unit (step) increase in the exposure level category (p=0.064).

Logistic regression analyses adjusted for age (dichotomized), race, and
personality score (trichotomized) did not detect any significant exposure
level effects. The only significant covariate effect found ras for age in
the enlisted groundcrew cohort. The acjusted relative risk for each
occupational stratum is given in Table 9-13.

9-14




TABLE 9-12.

' Unadjusted Exposure Index Analysis of
Self-Perception of Health by Occupatior

Self-Perception of Health

Excellent/Good Fair/Poor
Exposure
Occupation Index Number Percent Number Percent Total p-Value*
| .
i
Officer Low 124 $7.6 3 2.4 127
Medium 124 95.4 6 4.6 130 0.17
Bigh 11s 2.7 9 7.3 123
Enlisted Lov - 51 92.7 4 7.3 55
Flyer Mediux 59 90.8 6 9.2 65 0.83
; High 51 89.5 6 10.5 57
| Enlisted Lov 134  87.0 20 13.0 154
| Groundcrew Medium 146 89.6 17 10.4 163 0.51
| High 121 85.2 21 14.8 142
i
} . *Chi-square tests, 2 d.f.
TABLE 9-11.

| Adjusted Relative Risk of Self-Perception .f Health
by Occupation and Exposure Contrast

Exposure Adj. Relative
Occupation Contrast Risk (95X C.I.) p-Value
Officer Medium vs. Lov 2.00 (0.49,8.15) 0.334
High vs. Low 2.93 (0.76,11.3) 0.119
Enlisted Flyer Medium vs. Low 1.30 (0.35,4.86) 0.700
High vs. Low 1.50 (0.40,5.64) 0.549
Enlisted
Groundcrew Medium vs. Low 0.95 (0.47,1.92) 0.882
High vs. Low 1.21 (0.62,2.35) 0.580
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Appearance of Relative Age ‘

The dichotomy of appearance of relative age was assessad for expoaure
effects in each occupational cohort. These unadiusted analyses, shown in
Table 9-14, provided no evidence of a dose-response effect. As can be seen,
the number of participants within each stratum appearing oider than their
stated ages was quite small. The adjusted analyses by logistic regression
did not detect any significant exposure or covariate effects.

TABLE 9-14.
Unadjusted Exposure Index Analysis of
Appearance of Relative Age by Occupation

Relative Age

Younger/Same Older
Exposure
Occupation Index Number Percent Number Percent Total p-Value*
Officer Low 125 98.4 2 1.6 127
Medium 127 97.7 3 2.3 130 0.89
High 121 98.4 2 1.6 123
Enlisted Flyer Low 52 94.6 3 5.4 55
Medium 62 95.4 3 4.6 65 0.88
High 55 96.5 2 3.5 57
Enlisted Low 146 94.8 8 5.2 154
Groundcrew Medium 151 93.2 11 6.8 162 0.82
Righ 134 94.4 8 5.6 142

*Chi-square tests, 2 d.f.

S 1
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Erythrocyte Sedimentation Rate

The sedimentation rate vas anal,zed both continuously on a logarithmi.
scale and dichotomously (normal, abnormal). One-vay analyses ~{ variance
vere performed on the sedimentation rate =eans categorized by occupation and
axposure level. These tests shoved no significant differences in the officer
and the enlisted flyer strata (p«0.76, p=0.64, respectively). In the
enlisted groundcrev stratum the means vere marginally diflerant, with the
mean sadimentation rate increasing wvith innressing exposure level, but the
differcnces vere not statistically significant (p=0.12). When thesze data
vere adjusted by an anslysis of covariance for age, the diff..rence in mean
sedimentation rates in the enlisted groundcrev vas less notewarthy (p=0.33).
Age was pogsitively associated vith the mean sedimentation raty in &ll thre2
occupational strata (p<0.001, p=0.009, and p<0.001, respeciively). The
adjusted tests are reflected in Table 9-15 (means and confidence iimits have
been transformed back to the original scale).

A categorical analysis of the sedimentation rate by exposure level for
each occupational stratum vas also conductei. Differing from the previous
continuous analy=es, the categorical contrasts rovesled a significant
axposure effect (p=0.027) in the enlisted flyer stratum, albeit vith smsll
nusbers. These summarized data are showvn in Table 9-16.

tdjustment for age, race, and personality score revealed a significant

high versus lov expcsuce contrast in the enlisted flyer stratum. The
adjusted snalysis is fully shown in Table 9-17.

TARLE 9-15.
Adjusted Mean Sedimeatation Rates by Occupation

Exposure Index,
Adjuvsted Mean, mm/hr (95X C.I.)

Occupation lov Mediua Bigh p-Vslue

Officer 5.40 (4.71,6.19) 4.78 (4.17,5.47) 4.69 (4.09,5.37) 0.31

Bglisted 5.0 (4.11,6.33) 6.00 (4.91,7.32) 5.00 (4.04,6.19) 0.41
Flyer .

Enlisted 4.66 (4.10,5.29) 5.09 (4.49,5.77) 5.35 (4.69.6.12) 0.33
Groundcrev
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Unadjusted
Sedimsmtation Rate by Occupation

TABLE 9-16.
Index Analysis of

Sedimentation Rate

Normal Abormal
<0ma/hr >20mm/hr
Exposure .
Occupation Index Number Percent Number Percent Total p-Value*
Officer Low 117 92.1 10 7.9 127
Medium 125 96.2 S 3.8 130 0.27
High 119 95.9 5 4.1 123
Enlisted Low 33 96.4 2 3.6 33
Flyer Medium 62 95.4 3 4.6 65 0.027
High 48 %%.2 9 15.8 57
Enlisted Low 142 92.2 12 7.8 154
Groundcrev Medium 156 95.7 7 4.3 163 0.290
High 136 95.8 6 4.2 142
*Chi-square tests, 2 d.f.
TABLR 9-17.
Adjusted Relative Risk of Sedimsntation Rate
by Occupation and Exposure Contrast
Exposure Adj. Relative
Occupation Contrast Risk (95% C.I.) p-Value
Officer Mediua vs. Low 0.47 (0.16,1.41) 0.177
Bigh vs. Low 0.50 (0.17,1.52) 0.226
Enlisted Flyer Medium vs. Lovw 1.28 (0.21,7.96) 0.790
High vs. Low 4.97 (1.02,24.2) 0.047
Eniisted Medium vs. Low 0.76 (0.28,2.06) 0.592
Grourdcrev Bigh vs. Low 0.54 (0.19,1.49) 0.234
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Percent Body Fat

EBxposure analyses of percent Lody fat were done using both linear models
and logistic regression. One-way analys~s of variance for means found no
statistically significant exposure differences in tha occupaticnal cohorts.
These statistics are prasented in Table 9-18.

TABLE 9-18.
Unadjusted Means of Percemt Body Fat Ly Occupationm

Exposure Index, MeaniSE

Occupation Low Medium High p-Value
Officer 20.994+0.36 21.11:0.41 - 21.2640.36 0.88

Enlisted Flyer 20.65+0.55 21.2640.77 21.5940.77 0.65

Enlisted 20.9140.42 21.432:0.41 20.7940.44 0.53

Groundcrev

Linear models including age, race, and two-factor exposure level-by-
covariate interactions found no significant difference in the adjusted
exposure level means for percent body fat. The effect of age wvas significant
in the officer cohort (p=0.003). and of borderline significance in the
cgiistcd groundcrev stratux (p=0.064). Race vas nonsignificant throughout
all the lests.

The unadjusted categorical assessment of percent body fat, shown i{n
Table 9-19, revealed no significant exposure effects. Hovever, in the
enlisted flyer stratum, a test for linear trend in the proportions gave a
borderline significant result (pe=0.054), vith an estimated step increase of
6.8 plus or minus 3.6 percent per unit increase in exposure-level category.
An sdjusted analysis by logistic regression did not reveal significent
exposure level effects but did detect significant effects of age in the
officer and enlisted groundcrev categories.

In summary, detailed exposure analyses were performed on four of five
dependent variables used to azsess general health status. Only a very fev of
the tests approached statistical significance (multiple comparisons notwith-
stending); of these, three associations suggested a trend of adverse effects
from lov to high exposure; but only one vas statistically significant, and
there vas no consistency across occupational strata (health perception in
cfficers, p=0.064; sedimentation rate in enlisted flyers, p=0.027; and
percent body fat in enlisted flyers, p=0.054). These rasults vere reletively
comparable to the negative exposure findings in the Baseline Report.
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TABLE 9-19.

Unadjusted Exposure Index Anulysis of
Percent Body Fat by Occupation

Percent Body Pat

Lean/Normal Obese
Q25X 25X
Exposure
Occupation Level Number Percent Number Percent Total p-Value*
Officer Lov 104 8l1.9 23 18.1 127
Medium 110 84.6 20 15.4 130 0.76
Higu 100 81.3 23 18.7 123
Enlisted Lov 50 90.9 S 9.1 5%
Flyer Medium 53 81.5 12 18.5 6% 0.14
High VY 77.2 13 22.8 57
Enlisted Lov 126 81.8 28 18.2 154
Groundcrev Hedium 131 80.4 32 19.6 163 0.88
High 113 79.6 29 20.4 142

*Chi-square tests, 2 d.f.

LONGITUDINAL ANALYSES

Tvo variables, self-perception of health and sadimentation rata, vera
prescribed to assess the longitudinal differences betvesn the 1982 Baseline
examination and the 1985 followup exsmination. Both variables were anslyzed
in the discrete form. The four categories of perception of health vare
reduced to normal (excellant/good) and abnormsl (fair/poor). The respective
laboratory norms of 12 or less ma/hr and more than 12 me/hr for the Baseline
sedisentation rates, and 20 or less mm/hr and more than 20 mm/hr for the
follovup examination vere used to categorize the sedimentation rate daias into
normal and abnormal groups. The off-diagonal data (normal to abnormal,
sbnormal to normal) from the tvo examinations were contrasted by group
membership, a process equivalent to testing for a group-by-time-by-clinical
endpoint interaction. The results cf these tests, unadjusted for covariates,
are given in Table 9-20.

) These analyses shoved an equivalence of the cheng# in self-perception of
health in the tvo groups betveen examinations, but a highly significent group
differunce in the change in sedimentation rate abnormalities. The latter vas
explained by the fact that the Baseline examination determined a sigrificant
excess of sedimentation rate abnormalities in the Comparisons shereas at the
follovup examination, the Ranch Hands had a significantly higher proportion
of abnormalities. Perhaps as a related fact,.it is recognized that the
sedimentation rate laboratory test procedure changed to a more scneitive one
at the followup examination.
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TABLE 9-20.

Longitudinal Analysis of Self-Perception of Health and Sedimentation Rate:
A Contrast of Baseline and Pirst Pollovup Examination Abnormalities

Fellowup
Examination
- Baseline , Odds p-Value
Variable Group Examination Abnormal Norsal Ratio (OR*) (LR, vs. OR.)
S¢lf- Ranch Hand Abnormal 62 127 . 0.21
Perception Normal 27 750
of Health 0.84
Comparison Abnormal 49 124 0.23
Normal 28 936
Sedimenta- Ranch Hand Abnormal 17 16 2.44
tion Rate Normal kL] 899
Ocmz
Comparison Abnormal 14 37 0.73
Normai 27 1,061

Number Normal Baseline, Abnormal Followup
*0dds Ratio:

Nuaber Abnormal Baseline, Normal Fellowup.

SUMMARY AND CORCLUSIONS

General physical healch vas evaluated by five measures, three of vhich
vere subjective (self-perception of health, appearance of distress, and
appearance of relative age), and tvo of vhich vere objective (percent body
fat and sedimentation rate). Table 9-21 presents a2 summary of all the
unaijusted and adjusted aralyses of theae five variables.

The Ranch Eunds rated their lisalth as fair or poor more often than the
Comparisons (9.1X versus 7.3X, respectively), but this difference vas not
significant by categorical testing. Hoveser, further anzlysis revesled a
significant group-by-occupation interaction; differences vere largely con-
fined t0 the enlisted groundcrev category. Both the Ranch Hand ard Compari-
son groups noticcably improved their perceptions of health from the 1982
Baseline ixamination.

Only 10 individuvals vere reported as appesring acutely ill or distressed
at the follovup examination, 4 vere Ranch Hends and 6 vere Comparisons. This
difference vius not statistically signific nt and the data vera insufficiant
for adjusted analyses.
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TABLR 9-21.

Overall Sumsary Results of Onadjusted and Adjusted
Analyses of General Bealth Variables

Unadjusted Adjusted

Variable Categorical Mean Categorical Mean
S;lf—Perception NS - wriekk -
of Health
Appearance of NS - - .

_ Illness/Disstress
Appearance of NS - ik -
Relative Age
Sedimentation 0.013 NS 0.011 NS
Rate
Percent Body Fat NS 0.027 NS 0.035

--Anslysis not performed.
*kkiGroup-by-covariate interaction.

‘Analysis not possible due to sparse data.

Appearance of relative age, as determined by the examining physician,
shoved 1.6 percent of the Ranch Bands appearing younger tuan their stated
age, 94.3 percent appearing the same, and 4.1 percent appearing older (as
contrasted to 0.7%, 95.4%, and 3.9%, respectively, in the Comparison group).
There vas a significant group-by-occupation interaction, but none of the
estimated relative risks for the occupational catsgories wes significant.
This observation at the followup examination contrasted vith the significant
tendency at the Baseline for a higher percentage of Ranch Hands than
Comparisons to appear younger than their stated ages.

Th¢ geometric mean sedimentation rates (5.05 sm/hr Ranch Hand versus
4.93 sa/hr Comparison) did not differ significantly by group, either
unadjusted or after adjustment for age, race, occupation, personality score,
and an gge-by-personality score interaction. Hovever, in the dichotomous
form, 5.8 percent of the Ranch Hands had sedimentation rate abnormalities as
contrasted to 3.6 percant in the Cimparison group. This difference vas
significant by both unadjusted and adjusted tests. Also, this finding wvas
opposite to that of the Baseline examination, vhecre it vas noted that younger
Comparisons had significantly elevated sodimentatiru rates.
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The mean percent body fat of the Ranch Hands vas significantly lover
than the Comparisons (21.10X+0.15, 21.54X+0.14, respectively, p=0.037), and
vas of riearly the same magnitude after adjustment for age, race, and occupa-
tion. Howevar, both unadjusted and adjusted categorical tests did not reveal
significant group differences, although the percent obese vas lover in the
Ranch Hands than in the Comparisons. No group differences in percent body
fat vere noted at the Baseline examination.

Detailed exposure analyses vere done on four geraral health variables
(appearance of acute distress vas too sperse for testing). Only one analysis
demongtrated statistical significence, l.e., a positive association of
sedimentation rate abnormalities with increasing exporure in the enlisted
flver cohort. Overall, no consistent pattern of exposure effects vas
discarnible, and the exposure findings at the third-year followup vere
simiiar to the findings at Baseline.

Longitudinal differences betwveen the 1982 Baseline and the 1985 followup
exauination vere assessed by analyses of tvo discrete variables, self-
perception of health and sedimentation rate. Perceived health showed no.
significant group differences over time, but both the Ranch Hand and
Comparison groups paradoxically reported symmetrical improvements in their
perceptions over the 3-year period. The sedimentatiun rate analysis revealed
a highly significant group difference (p=0.002), due to a reversal of
findings between examinations, i.e., a significant detriment in the younger
Comparisons at the Beseline versus a significan¢ detriment in the Ranch BHands
at the followvup. The cause(s) and biological relevance of this observation
are unclear.

In conclusion, a nonspecific assessment of general physical health has
shovn relatively close similarity betveen the Ranch Hand and Comparison
groups, vith the Ranch Hands continuing to perceive their heslth more
negatively than the Comparisons, having a slightly more favorable parcent
body-fat proportion, but a higher proportion of abnormal sedimentation rates
that -eflects a warked change since the Baselina examination. These findings
must be placed in context vith the organ and system-specific evaluations
found in the succeeding chapters.
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CHAPTER 10
MALIGNANCY

INTRODUCTION

Cancer is a major suspect disease followving exposure to chlorophenols,
phenoxy herbicides, and dioxin. Both systemic cancer and skin cancer are key
focal points of this study.

The issue of military service related cancer in Vietnam veterans first
arose in 1978-1979 Media presentations emphasized several early cancer
deaths in several Army veterans, vhich vere allegedly caused by exposure to
Agent Orange. The media reinforced the causal allegutions by citing animal
studies, vhich demonstrated a carcinogenic effect, and a fev human studies,
vhich shoved excessive cancer in specific occupational groups. So etfective
and sustained vere the media presentztions that today the public equates
dioxin and Agent Orange exposure to cancer.

In the larger context of environmental controversies, Young aptly
described the Agent Orange issue as being at the crossroads of science and
social concern.” The scientific community has responded to the dioxin
question by a massive research effort, vhich in concert vith class actien
lavsuitg, is expected to cost more than a billion dollars in tha near
future.” The core of the overall research effort is basic and applied ceancer
research.

Traditional animal-to-man extrapolation difficulties and interspecies
variability have limited the direct applicability of much of the experimental
vork to the controversy. Major apidemiologic challenges have included: the
ability to control/characterize bias; sslection of suitable controls or
reference groups; quality/quantity of exposure; misclassification of expo-
sure; confounding exposure tc known injurious chemicals; scaple size and
statistical pover; number and selection of relevant risk factors; lack of
antecedent disease or syndromes (other than chloracne); time to event
(latency); rarity of the endpoin%; and tumor type (carcinoma, sarcoma)
differences found in many studies.

For these reasons, chere is no scientific consensus on the dioxin-cancer
question. There is, hovever, a common thread, raising concern over soft
tissue sarcomas (STS) and non-Hodgkin’s lymphoma (NHL). Pertinent animal and
human studies underscore the concern over cancer.

Numerous animal studies have been conducted to delineate the role of
TCDD on tumor initiation, tumor promotion, mutagenesis, cocarcinogenesis, and
DNA reactivity. The consensus of most research is that TCDD is only weakly
mutagenic, does not covalently bind to DNA or cause it to initiate repair
syniheiis, and behaves as a strong tumor promoter in already initiated
cells.




The oncogenic response to TCDD in animals has besn repeatedly shown to
depend upon animal species and strain, dose, age, sex, and route of admin-
istration. 909ventiona1 skin bioassays in mice produced mixed results in
some studies™’'" but caused significgnt dermal fibrosarcomas in other studies
using different strains of animals.’ In the presence of a strong carcinogen,
TCDD induced skin papillomas in homozygous hairless mice (but not in the
heterozygous strain), clearly supporting the promoter role gf TCDD, a non-
genetic mechanism judged to be related to receptor binding.

Ingestion studies in sevaral rat strains at doses of 0.07-0.1 ug/kg/day
produced hepatocellular carcinomas, squamous cell carcinongslgf the
oropharynx and lung, and follicular cell thyroid adenomas.” '’ In tvo mouse
strains, gavage doses of ?607‘0‘3 ug/kg/day produced hepatocellular carci-
nomas and thyroid tumors. In the presence of partial hepatectomy and
diethylnitrosamine, subcutaneous TCDD administration to rats resulted 1n1'
hepatocellular carcinomas, demonstrating the promoter mechanism of TCDD."*

Based upon these and other studies, the International Agency for
Research on Cancer (IARC) designated TCDD as carcinogenic in 1982. There are
insufficient data to implicate 2,4-D and 2,4,5-T as carcinogens. The
majority of animal studies have shown carcinomas rather than sarcomas, the
tumor cited in some human studies. If TCDD oncogenicity in humans is to be
supported, the differences in tumor types betveen animals and man requires
explanation. '

In a series of publications beginning in 1974, commonly known as the
"Swvedish studies," extensive inquiry vas made into occupational cancer ..
folloving exposure to a variety of herbicides. Four related efforts °~
using Svedish railroad vorkers found an increased cancer incidence mostly
associated vith non-TCDD herbicides. However, a case-control analysis of
these data by other inyestigators suggested cancer promotion following
phenoxy acid prOSUIe.l

Prompted by a slight increase in STS in the railroad wvorkers and
clinical experience vith a case serief o;sSTs, Hardell and covorkers launched
an extensive second round of studies.” '~ These efforts shoved statisti-
cally significant increased risks for STS, Hodgkin’s Disease (D), and NHL.
For exposure to phenoxy acids alone, the risk ratio ranged from 5.3 to 6.8
for STS - in northern and southern Sveden, respectively, while a range of 3.3
to 6.6 vas noted for exposure to chlorophenol alone. For malignant lymphoma
(ED plus NHL), risk ratios of 8.4 and 4.8 vere respectively demonstrated for
chlorophe. 51 and phenoxy acid exposures. An association of nasal and
nasopharyggeal cancer to chlorophenol exposure (risk ratio, 6.7) was also
detected,”” but other specifically focused studies of primary liver cancer
and colonzcagger vere negative vith respect to phenoxy acid oar chlorophenol
exposure. ‘' The colon cencer study was conducted specifically to demon-
strate a lack of respondent hias to "validate" previous questionnaire and -
interviev methods used in the STS studies.

From the outsgt, the Svedish studies have been criticized on method-
ologic issues, prompting the primary authors, Axelson and Hardell, to
respond with clarifications, new calculations, am9§i;¥igg §tudies on
additional cohorts, and studies on other nancers.‘‘'***¢"~"! The chief
criticisms centered upon possiyle respondent and observational biases,
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selection ¢of controls, confounding exposures, and degree of true exposure to
phenoxy acids and chlouroochenols. The authors ansvered these criticisms
within the inherent constraints of the case-control methodology. Their
effocts have been charactericed 23 g;reful, clever, and properly steted, end
have received favorable reviews. "’

Four small industrig} ggrtality stucdies were conducted in the late
1970’s and early 1980's.° "~ NIOSH investigators poole. the data from these
studies and noted that three of the 105 deaths (2.9X) in these studies vere
dve to STS 11 contrasted to an expected C.07 percent in the U.S. general
popuiation, This study has been nriticized for the hasty addition of
possibly ncncomparable industrial cohorts. and the iack of histologic confir-
mation uof the STS cases , A subsequent case report added snother STS case to
the industrial studies,”” and two otiher reportgorgyesled three unrelated STS
cases also arising frcm the industrial sector. ' Hovever, wpon closer
inspectior, only tvo of the fifgt four cases vere confirmed as STS by an
indepeandent histologic review. Othar reviewv findings of the seven total
cases wvere notewvorthy: there was poor agreement on the histologic subtype of
the soft tissue tumecrs, and because of a quirk in tue International
Classification of Diseases {iICD; System, vherein organ-specific sarcomas are
coded separately from soft and connective tissue tumors (ICD 171}, death-
certif}cg;e based studies will underascertain STS by approximetely 40 per-
cent,. ' This latter problem did not affect the Svedish studies.

Other cancer studies throughout the werld shgyed mixed support for the
Svedish findings. An Italian case-contrcl effort  shoved a weak asscciation
between ovarian mesothelial tumcrs and herbicide exposure, vhereas a Finnpich
study of a small number cf pesticide sprayers‘gnderstandably did not detect
any cases of STS eor malijant lymphomas (KL). A study of more thar 4,000
Danish phenoxy herbicide workevs noted fixg STS cases (versus 1.8 expected)
and saven ML casas (versus 5.4 expected). The author concluded that the
STS observation suppor:ied th2 Swedish work and that the ML rate did not. One
New Zealand case-control ctudy shoved a noasignificant relative risk of 1.3
for STS among occupations consisient witn phenoxy herbicide expoasnre,
although 2 risk of 7.2 was noted for STS and potential chlorophenol exposure
in tanneries.

A related second carcer registry-based case-control study revealed
significant excesses of agricultural and foreg}ry occunations from ML cas:s
and multiple myeloma cases (cdds ratio 1.25). In a similar but larger
cancer registry study in Sweden, there was no incressed risk of STS (reliative
risk 0.9) in a¥§icultural cr forestry vorkers as contrasted to other indus-
tcial worke:s, Further, the STS risk was coustant over time in spite of
increased usage of phenoxy acid herbicides from 1947 to 1970. This Swedish
study did not confirm or show 2 trend vnusistent with the earlier Hardell
Swed:ch studies.

4 recent II.S. case-contrcl study fiom the Kansag cancer registry has
provided partial support for Hardell’s observe-jors.” > The Kansas study was
very sicalar in methedology to the early Swedish studies and tried to avoid
bias and misciassificatiun. An ove:all risk of 1.6 vas found for NHL in men
expcsed to herdicides, particulerly 2,4<D. 4s the frequency of herbicide
expusure increased to mores than 20 days per year, the risk of NHL increased
to sixfold vis-e-vis noniarmers. For herbicide applicators, the risk for NHL
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vas 8.0. A simultaneously published review of the Kagfas wvork noted that
this should shift scientific concern from STS to NHL. A population--based
case-control study of STS and NHL in western Vashington found o overall
increased risk of these diseases associated with_gn occupaticccl history of
exposure to chlorophenols or phenoxy herbicides.”~ However, risks of NHL
vere significantly elevated in the specific occupational categories of
farmers, forestry herbicide applicators, and those individuals pctentially
exposed to phenoxy herbicides in any occupation for 15 years or more. An
increased risk of NHL vas also noted among those with occupational exposure
to insecticides, organic solvents, lead, and valding fumes.

A number of Vietnam veteran studies has atieaxpied to detecmine vhetggrso
veterans have experienced excessive mortsiitvy, particularly from cancer.”
Most of the studies used prcipu:tionate mortality ratio (PMR) methodology and
equated Vietnam service with potantisl exposure to Agent Orange, a procedure
of considerable imprecision (misclassification). These exposure allocation
difficulties, coupled with the inherent zwethndological weaknesses of the PMR
technique, have minimized the contribution of these studies to the overall
cancer issue.

As might be predicted Ly (hese problems, alaost sll of the veteran
studies vere negative for generic cancer associations, as vell as for 5TS,
.HD, and NHL associations. As an example 5f the veteran studies, the
Australian retrospective cohort mortility effort revealed an overall relative
mortality ratio of 0.99, an overall cancer mortality ratio o£50.95, and
nonsignificant statistical differences for STS, WIL, aand HD. In a recent
Vietnam experience study of 3TS using the case-control method, no significant
association vas fogyd between military service in Vietnam 2nd the subzequent
occurrence of . STS.

No consistent pattecn for otrer cancer types has emerged from the entire
body of herbicide literature. None of the leukemiss has been associated witch
exposure to Eerbicide Orangs ncr any 9; its zonstituents. Two studies noted
slight incteigei‘in gastzic cancer "' ° and tvc others cited modest risks for
lung cancer. ' A recent Svedish study reported slight excesses of rectal
cancer *9 maje wvorkers and increased cervical cancer from the exporced female
cohort. Overall, these and other cbrervatlions have not been consistent
vith the expectation that dioxin, as a caucer promoter, shcnld increase the
occurrence of common "background" cancers.

From another perspective, if cleaz-cut exposure to 2,4-D or dicxin is
showvn to cavuse an immunological deficienny (sez Chapter 19), an expeccation
wvould be agsefgessive represantatior of B-cell tmors from the population of
NBL cases. ~ An cxcess of 2-cell neoplasme has, ir fact, not been
described in NHL cases from industrial or veteran cohoztc to date.

X1 is unlikely that the cancer question vill be clearly resolved in the
near iuture. Dioxin exposure in industry and agriculture has fallen precip-
i:ously since the 127C‘c, while exposures to 2,4-D ard non-TCDD centaining
herbicides have conyinued. Vetaran studies characterized by low or
undsovmented exposure to Agent (range, and/or of small colort sizs are
unlikely to contribute substantive data for the evaluation of type-spacific
;aneers although they nay unatribute to the recoluvion of the generic cancer

ssue.
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In summary, Svedish studies first noted an spproximate sixfold risk of
soft tissue sarcoma and ralignant lymphoma in forestry workers exposed to
both phenoxy acid heibicides (not containing the dioxin contaminant) ond
chlorophencls (containing dioxin). A large number of international studies
vere predominantly rongupportive of the Ssedish observations. Recent U.S.
research on agricultural workers, however, provided some support for a yon-
Hodgkin’s lymphoma-phenoxy acid exposure asgociation. The future scientific
focus is expocted to shift from dioxin herbicides to nondioxin herbicides and
from soft tissue sarcomas to malignant lymphomas. Studics of other veteran
nopulations vill not likely contribute to the nevw emphasis, largely because
92f exposure uncertainties.

Baseline Suumary Results

Cancer received mejor 2mphasis durirg the 1982 AFES. The assessment of
malignancy used data frem both the in-hcme questionnaire and the review-of-
systems questionr.uire obtaired derisg the physical examination as well as
data from the examination itsel:i. All subjective duta were veritied by
medical record raviews. 1iIn aggition, tebulation of mortality ccunt data from
the Basel ine Mortality Report = was nsed in ccenjunction with cancer morbidity
informaticn. The overall results showid an equivaience sf sysiemic cancer
(p=0.46) in the twvo groups but significantly more nonmelanctic skin cancer
(p=0.03) in the Ranch Hands. '

0f 50 rgported systemic cancers from the Ranch Aaud and Comparisoa
groups, 28 (14 in each group) werc verified by medical records and pathology
reports. A vizual inspection of ziatociz sites shownd a slight excess of
genitourinary cancer and 2rcpbaryngeal cancer but a relative deficit of
digestive system neoplasm3 in the Ranch dsnds. A combined morbidity-mortality
analysis derived from the initial 1:1 match (Ranch Band to the C-1 Comparison
member) disclosed similar diztributiorc. One casc of s0ft tissue sarcoma and
one case of Hodgkin’'s Diseasc vere confirmed, both in the Comparison group.
Exposure analyses for iadustrial chemicals and » rays ware negriive as were
most of the herbicide exposure analyses in the Ranch Eand group. All of the
exposure analyses vere based upen very small numbers, and interacrions were
noted in szveral strata.

Questionnaire data verified by medical reco~d reviews revealed signit-
icartly more skin cancev in the Ranch Rands {-:lative odds 2.35). Basal call
ce cinoma accounted for 83.5 percent of the reported skia cancers in both
groups and vas concentrated anatomically on the face, head, and neck. The
fev melanoma and squamous cell cancers vere evenly distribtuted between the
Ranch Hand and Comparison groups. All skin ;ancecs occurred in nonhlacks.
Adjustments for occupational exposurcs (e.g., asbestos, degreasing chemicals)
did not alter the ircreased rate of skin cancer in the Rancl Hand group.

Skin cancer in both groups was associated with expusure to industrial
chemicals (p~0.03). HerbZcide exposure analyses in the Ranch Hend group vere
essentially negative, although confounding was noted ia many of the analyses.
Outdoor occupations subsequent to military service as a covariate did not
account for the significant skin cancer association.




Parameters of the 1985 Malignancy Assesyment

The emphasis cn cancer wss lncreased ducing the firs? followup study in
1985. WVith the Baselire finding of excessive skin cancei in the Ranch Hands,
and the lack of covariare data to refine thar assocziation, considerable
attention was deveted to skin cancer. The questionnaire was altered to
collect informatior on each geograprhic location in which a participant lived
for more than 17 montha in svder to calculate a cumulative "lifetime” sun
exposure index based on geographic latitude, =iznce ultraviolet light exposure
has been acknovledged as the primary cause o>f besal cell carcinoma. Detailed
data on skin tanrebility, eye, skin, and hair color, and parental ethnicity
vere alsc obtained. In addition, emphasis at the dermatologic exanination
vas shifted from acne/chloracne to skin cancer, and punch biopsies ve.e
sought for all suspected malignant lesiuns.

The participants were asked to bring copies of their medical records to
facilitate rhe verification of reported malignancies. Highly structured
smoking data were collected for more detailed covariate adjustments, and
Baseline questions on exposure to other carcinogens werz repeated to gather
interval data. No invasive procedures were used at the followup physical
examination to detect eviderce of systemic cancer.

Thus, the dependent variables of the analyses helow are similar to the
Bageline analyses, but covariate analyses have becen expanded for both skin
and gystemic cancers. The lifetime occurrence of ceanner, as well as the
interval occurrence of skin and systemic cancers betveen the Baseline and
followvp examinations, is analyzed.

Minor numeric differences in various tabies that follow retlert missing
duta from the coveriates. The statistical metheds uszed (. roughout this
chapter are Fisher’s exact rest, chi-square tests of associition, and
logistic regression models (BMDP®-LR) Sor adjusted group contrasts of
neoplasm incidence :ates.

RESYLTS AND DISCUSSICH

General

Xalignant an< benign neoplasas, carcinomas in situ, ard a~oplasms of
uncertain kehavior or unspecifie’’ nature are studied in this chapter. The
term "systemic” is used throughout t> denote a norskin neoplasm. ‘he term
"unspecified” is used to derote a neoplasm of uncertain “ehavior or
vnspecified rature. Neoplasm refers to any new and abnormal growth which may
or may nct be malignant. Falignant neoplass- (malignancies, cancer) are
those neoplasms that are capable of invasion and metastasis.

(uestionnaire Data

At the followup examinatioca, pavzizipants provided information on -caiiar
during tue interval between e.:aminations and participants vho were new tn *he
study gave their lifetime histery. All -epcrted neoplasms entered vhe
mcdical records review process for veriiicatien. Only 11 Panch Hands (1.1%)
and 12 Comparisons (0-9X) reported neopiastic conditions which could not be
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substantizted (all of the siin); the group difference vas nonzignificant
(p=~0.8133).

*hysical Exsmination Uata

Some possibie nwoplastic coriditicns vera discovered by the physicians at
the physical examinaticn. ‘any suspicicus skin lesions were biopsied and the
pathology detgrmined. Hovaver, for some suspected skin neoplasas and sall
suspected systeaic neoplasms, verification was not complete at the time of
vriting this report, and thus both verified and suspected neoplasms are
described and analyzed. The term suspected is usad throughout to denote
thosc possible neoplastic conditions noted by the physicians at the followup
examination for which the results of verification are not yet available.
Consideration of suspzcted necplasms was justifiable in particular for skin
neoplasas, for which the biopsy confirmation rate is high.

Statistica)l Amalysis

The statistical analysis is demcribed in three sections. The first
ssction presents unadjusted and adjusted anslyses of skin and systemic
neoplasa incidence in the Baseline-followup interval, and is raferred to as
interval analysis. In the second section, unadjusted and adjusted analyses
of lifetime skin and systemic neoplasm incidence are analyzed for the
followup participents, incorporating Bascline informaticn. Since there were .
very fav aeoplasm occurTances bafore the SEA tours, this comcined interval
and 3aseline snalysis is referred tc thcoughout as iifetime analysis.
Lastly, the necplasm nistory and mortality of the fully coapliant Daaelire
participanis subssquent to Baseline ar< described. All analyses are o7 the
runeers ¢ participants vith (one or morej neoplasms, and not of the total
number of neoplasms.

the parpuse of theue threu analy®es is to present a comprehensive
picture of the neoplasia kistory of the followup participsais, and to provide
some additioral irnformalion on the nedplesia =tatus of the Baseline partiz-
irants subsequent to Saseline. There ves a slight iiiferene betveen ‘he
Base’line and follovup cchorts. Tbe interval and lifetime analyses pertzin to
nreoplasa incidacce amony followup perticipants only. The third section
pertains to Baselinz participants only, describing their history of necplasa
incidence and mortality since Baseline. A fully combined morbidity-mortality
analysis wves aot feasible for this reporc*. '

nssuaing a (tvo-gided) « -level of 0.05 and power 0.9, the sample sizes
vase sufficient to detect a relative risk of 2.56 vhen the Comparison
neoplava incidence rate is 1 percent, and a relacive risk of 1.63 vher the
Comparison neouplest incidence rate is 5 percent. “or nonmblacks only, the
corresponaing detectable relative ricks are 2.63 and 1.55, respectively.

All anclyses of data from Ranch dands and the Original Comparisons only

are given in Appendix R. This appundix also contains other tabulations, such
as - *‘ate and interaction tablee.
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Bassline-Followup Interval

Table 10-1 showvs the Baseline-followup interval neoplasm history for the
follovup pazticipants. The interval began in January 1982 for participants
nev to the study, i.e., the 45 nev Ranch Hands, the 71 newv veplacement
Comparisons, and 83 newly compliant Original Comparisons. :

The total numbers of participants vith verified neoplasms vere 161/1,016
(15.8X) Ranch Hands and 170/1,293 (13.1X) Comparisons; the group difference
vas marginally significant (p=0.073). The relative frequencies of partic-
ipants with verified plus suspected neoplasms, 17.4 percent of Ranch Hands
and 16.2 percent of Comparisons, did not difter significantly between groups
(p=0.466).

Appendix Table H-1 gives the numbers of participants with verified or
suspected neoplasms and unadjusted analyses for the Ranch Hands and Original
Comparisons in the Baseline-followup interval.

Interval Skin Neoplasms

0f Ranch Hands with verified neoplasms of all types (malignant, benign,
and uncertain) 70.8 percent (114/161) had skin neoplasms; the corresponding
percentage for the Comparisons ves 68.2 percent (116/170). The difference in
these proportions was not significant (p=0.634). Vhen suspected neoplasms
vere included, the contrast vag 70.1 percent (124/177) versus 67.6 -percent
(142/210), again not significant (p=0.660).

No Blacks were found to have skin cance:, as anticipated since Blacks
have a lover susceptibility to sun-induced skin cancer. Therefore, ahalysis
of skin cancer vas limited to nonblacks.

0f Ranch Hands vith skin neoplasms, 32.5 percent (37/114) had malignant
neoplasms, as contrasted to 34.5 percent (40/116) of the Comparisons
(p=0.781). Vhen suspected malignant skin neoplasms were included, the
contrast vas 37.9 percent (47/124) versus 42.3 percent (60/142), and vas not
significant (p=0.531).

For the remainder of this section, only malignant skin neoplasms are
analyzed. The dependent variables examined vere basal cell carcinomas,
melanomas, squamous cell carcinomas, all skin cancers combined, and a group
of skin cancers called sun exposure-related skin malignancies. The sun
exposure-related skin mslignancies vere defined as basal cell carcinomas,
melanomas, and malignant epithelial neoplasms not othervise specified (NOS).
The latter vere included because they are frequently misdiagnosed basal cel]
carcinomas; three Ranch Hands had this diagnosis.

Interval Malijmant Skin Neoplasms

Table 10-2 presents the numbers of participants vith verified and
suspected malignant skin neoplasms by cell type: basal cell carcinomas,
squamous cell carcinomas, melanomas, all skin malignancies combined, and the
sun exposure-related skin malignancies, together with the results of
unadjusted group contrasts. PFor the sake of completeness, the total numbers
of malignancies of each type are also given. The majority of the




of Followp Participents vith Verified
axd Suspected Neoplasms in the Baseline-Followyp Interval by Group
(Nonblecks and Qadrs)
Group*
Ranch Rand Comparison
Neoplasm Behavior .
Site and Status Number’* Percent Numberv* Percent Total¥* p-Valugrik
Skin Malignent
Verified 37 3.6 40 3.1 n 0.485
Verified and Suspected 47 4.6 60 4.6 107 0.999
Benigr:
Verified 7% 7.5 n 6.0 153 0.152
Verified and Suspected 78 7.7 83 6.4 161 0.25
Uncertain Behavior
and Unspecified
Nature:
Verified 1 0.1 0.1 2 0.999
Verified and Suspected 1 0.1 1 0.1 2 0.999
Ay Skin Neoplass®
Verified 14 1.2 116 9.0 20 0.080
Verified and Suspected 124 12.2 142 1.0 266 0.3
Systemic  Malignent
Verified 8 08 7 0.5 15 0.603
Verified and Suspected 12 1.2 12 0.9 2 0.600
Benign
Vexrified 2 4.1 50 3.9 92 0.749
Verified and Suspected 48 4.7 61 4.7 109 0.999
Uncertain Behavior
and Unspecified
Nature:
Verified - 6 0.6 7 95 3 0.999
Verified and Suspected 6 0.6 n 0.9 17 0.625
Ay Systemic Naoplﬂ"
Verified 5% 5.4 61 4.7 116 0.445
Verified and Suspected 65 6.4 80 6.2 145 0.863
All Malignent, Benign,
Uncertain l!elulvioré
Unspecified Nature
Verified 161 15.8 120 1.l K<) | 0.U73
17.4 210 16.2 37 0.466

Verified and Suspected 177

*Sample sizes: 1,016 Ranch Hends and 1,293 Ccaparisons.
*Number of participents.
***Fisher S exact test.
Partidpmt has one or more malignant, benign, or unspecified skin neoplasms.
Partidpmt has one or more malignant, benign, or unspecified systemic

neoplm
“Participant has ane or more malignant or benign skin or systesic nevplasms.
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participants with verifisd skin malignancies had basal cell carcinomas: 78.4
percent (29/37) Ranch Hends versus 75.0 percent (30/40) Compcrisons; the
difference betveen the groups vas not significant (p=0.792).

Unedjusted Analyses

Table 10-2 shovs that no significant group differences vere found in the
incidence rates of either verified or verified plus suspected malignant skin
neoplasas. Por verified basal cell carcinomas, the estimated relative risk
of Ranch Hands versus Comparisons vas 1.23 (95X C.I.: {0.73,2.07]) ard vas
not significant (p=0.429). The estimateud relative risk for veriflied squamous
cell carcinoma, 1.27 (95X C.I.: [0.32,5.08]), vas also not significzant
(p=0.738). The estimated relative rigk for verified melanoma, 0.42 (95X
C.I.: [0.04,4.06]), vas alsoc not significant (p=0.635). There vere very fev
occurrences of melanoma (one Ranch Hand and three Compariscns) since this is
a much rarer condition than other kinds of skin cancer. There vere no signif-
icant differences betveen the groups for all verified malignant skin cancers
combined (Bst. RR: 1.18, 95X C.I.: [0.75,1.86], p=0.486) or for the catagory
of sun exposure-related skin malignencies (Bst. RR: 1.24, 95X C.I.:
[0.75,2.02), p~0.447). Vhen beth verified and suspected malignant skin
neoplasms vere analyszad, the tonclusions were similar, namely, there vere no
signiticant differences betveen the groups, and moreover, the estimated
relative risks vere closer to 1. No groun differences were found in the
parallel contrasts of Ranch Hands versus Original Comparisons (see Table H-2
of Appendix H).

As shovn in Table 1C-3, additioasl analyses contrasted group differences
in the anstomic locetion of basal cell carcinomas, melanomas, and 3un
exposure-related skin malignancies. Most occurrences of basal cell carcinoma
and sun exposure-related skin malignancies wvere on tha face; hcad, or neck,
or the upper extremities. The rslative frequency of occurrences of verified
basal cell carcinomas at these combiaed sites vas 89.7 percent for Ranch
Hands and 80.0 percent for Comparisons of the total number of occurrences in
each group, respectively. The group contrast (26/29 versus 24/30) wes nnt
significant (p=0.472). These combined sites accounted for 90.6 percent
(29/32) of the sun exposure-related malignancies for Ranch Bands versus
72.7 percent (24/33) for Comparisons; this contrast vas also not significant
(p=0.108). The corresponding contrasts, vhen suspected malignant neoplasas
vera included with the verified malignant neoplasms, vere also not
significant. Ome Ranch Hend had verified melanoma of the fuce, and three
Comparisons had verified melanoma on the trunk. Tvo sther Comparisons had
suspected melanoma, alsc on tke trunk. The group contrast for melanomas on
the trunk vas not significant for verified conditions (p=0.2860), but vas
marginaily significant for verified plus suspected conditions (p=0.071), the
detriment being in the Comparison group.

Table 10-4 gives the frequencies of participants vith face, head, and
neck skin malignancies by group and occupation. Specifically, nonmelanoma
malignant skir neoplasms and the sun exposure-related malignant skin
neoplasms are listed by occupational category. For officers and eniisted
groundcrev, the frequencies of participants with face, head, and neck
meiignant skin aeoplasms (both aclignant nonmelanoma and the malignant sun
exposure-related skin neoplasms) did not differ significantly by group.
Hovever, the Ranch Hand enlisted fiyers had a significantly higher frequency
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of malignant sun exposure-related skin neoplasms than the corresponding
Comparisons, 4.8 percent versus 1.0 percent (p=0.049). For nonmelanoma
malignant skin neoplasas, the contrast vas 4.8 percent varsus }.6 perzeut,
but the difference vas not significant (p=0.121). Inclusion of suspocted
malignant neoplasms vith the verified malignant neoplasms reduced the
significance of the difference betveen the groups Zer both the sun
exposure-related skin malignancies and the nonmelanoma meligvant ckirn
neoplasus.

Adjusted group contrasts of the Incidence rate of basal cell caicinomas
and malignant sun exposure-related skin neoplasms vers done for verified and
verified plus suspected conditions. Adjusted analyses were not carrisd out,
hovever, for malanomas or squamous cell carcinomas because c¢f the smail
frequencies.

Covariates

The covariates considered for the adjusted analyses of malignant skin
neoplusm incidence, listed in Table 10-5, vere the eatching variablus age and
occupation; history of alcohol and cigarette use; hoat factors, torprising
skin color, eye color, hair color, and ethnic backgrourd; raaction of skin to
sun exposure; average lifetime residential latitude; and »xposure to recog-
nized carcinogens. Age vas used as a continuous variable in the¢ adjusted
analyses, but vas categorized for ease of presentation in the report.

Eye color, hair color, and skin color vere coded by the darmatologist at
the physical examination. Hair color vas determined by co-pnrigg the hair at
the back of the neck vith 17 numbered standardized hair samples = and
selecting the most closely matching hair sample. Similarly, skin color
groupings from dark browvn to paie ggnch vere determined by compering
standardized flesh-colored squares = against the skia of the inside upper
arm. For the analysis, hair and skin colors vere grouped as shovn in
Table 10-5. Each participant vas assigned to one of four ethnic groups
according to his responses to questions on race, as given in Table 10-I.
(Blacks vere omitted from the table because the analysis of malignent skin
neoplasia vas restricted to nonblacks.) These ethnic categories ar:»
approximate groupings in terms of susceptibility to sun-induced skin dssage.
The ethnic categories also generally correlate to skin color, a commonly
knowvn important risk factor for skin cancer.

A lifetime residential history wvas obtained from all participants by ¢«
questionnaire. Residential history, relative to the equator, is a surrogate
measure of sun exposure (but does not account for altitude or average
sun-days at each location), an important risk factor for skin cancer. Each
participant vas asked to list all residences chronologically, citiang Lolh the
city (or military installation) and the years of residence at each locatlca
since birth. Residences of less than 1 vear vere not scught because of the
frequent short-term military travels of these cohorts.

By standardized geographic atlases, the latitude (in degrees and
minutes) of each residence vas recorded. The Air Force subsequently checkad
all of the latitude determinations for accuracy. The averaga lifetine
residential latitude of each participant vas calculated hy dividing *he total
degree-years (i.e., sum of latitude [degrees] times number of years lived
there) from all residences by the total number of residential years listed.
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TABLE 10-3.

Covariates for Analyses of Moliygvant Skin Naorlasms

Covariate Category
Age Born 21942. 1923-1941, <1922*
Occupation Officer, Enlisted Flyer, Enlisted Groundcrev

Lifetime Cigarette Smoking
Lifetime Alcohol Consumption
gthnic Background

Skin Color

Hair Coler

Bye Color

Rcactiondof Skin te Sun
Exposure :
(A.1) After first 30 minutes
of summer sun
(A.2) After 22 hours, after
first exposure
(A.3) After repeated sun
exposures

"Sun-Reac.ion Index {Conposite)d

Residential History
(Average Latitude)

Bxposure to Carcinogens/Groups
of Carcinogens
Set 1

Asbestos
Nonmedical X Rays
Tndustrial Chemicals
Herbicides
Insecticides
Degreasing Chemicals

Pack-years: 9, >0-20, >20-40, >40
Drinik-years: 0, >0-5, >5-30, >30-100, >100
A, 8, C, D

Derk, medium, pale, dark peach, pale pescn .
Black, dark brown, ligh* brown, blond, red

Brown, haz2l, green, gray, blue®

Burns, usually burns, burns wildly, rarely
burns

Burns painfully, burns, becomes red, no
reuction

Frecklez vith no tan, tans mildly, tans
moderately, tans deep brown

(1) Burns painfully (A.2) and/ox freckles
vith no tan (A.3)

(2) Burns (A.2) and/or tans nildly (A.3)

(3) All other reactions

Average 1iiitude <37°, »37°

Yes, No
Yes, No
Yes, No
Yes, No
Yes, No

. Yes, No




TABLE 10-5. (continued)
Covariates for Analyses of Malignant Skin Neoplasus

Covariate Category
Set 2°

Anthracene Yes, No

Arsenic Yes, No

Benzene Yes, No

Benzidene Yes, No

Chromates Yes, No

Coal Tar Yes, No

Creosote Yes, No

Aainodiphenyl Yes, No

Chloromethyl Ether Yes, No .
Mustard Gas Yes, No

Naphthylamine Yes, No

Cutting Oils Yes, No

Trichloroethylene Yes, No

Ultcaviolet Light (not sun) Yes, No

Vinyl Chloride Yes, No

Composite Carcinogen Exposure Yes, if yes for exposure to any carcinogen

in set 2, otherwise no.

“Used as s continuous variable in adjusted analysis.

®a - English, Velsh, Scottish, lrish.

B - Scandinavian, German, Polish, Russian, other Slavic, Jewish, French.
C - Spanish, Italian, Greek.

D - Mexican, American Indian, Asian.

“Participant vith one green eye and one brown eye is coded as green.
dQuestionnaire data (see Appendix B).

“AFHS Form 2 (see Appendix C).
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xecognizirg that both total degree-years and average lifetime latitude could
be covaria.es for malignant sun exposure-related skin neoplasms, average
latitude vas selected becaus of the high correlation of degree-years with
chronologicul age, a separate risk facior already used in the analyses.
Further, average residential latitude was believed to be a more stable
mea..ure in the presence of some lack of precision in the source data. In all
analyses, the average residential latitude was used as a dichotomcus variable
{less than 37° N latitude, grester than or equal to 37° N latitudz2). A line
across the United States at 37° N approximates a line from San Frarncisuo,
CGalifornia, to Richmond, Virginia.

Examination of the group distributions of the latitude variable sugrest
that it is a significant confounding variable. Sgpecifically, 56.7 percent of
the nonblack Ranch Hands had an average lifetime residencial latitude greater
than or equal to 37° N latitude versus 49.4 percent of the nonblack Compar-
isons (»=0.001). Although the average lifetime group residential latjtudes
appeur similar (37.21° N latitude for the Ranch Hands, and 36.74° N latitude
for the Comparisons), this difference is also highly significant (p=0.003),
reflecting the .antial power of the analysis of continuous data.

Participants reported their susceptibility to the effects of sun-
exposuse damage by ansvering three questions abecut their skin reaction to
sun: the reaction after the first 30 minutes of exposure to suamer sun, the
reaction after 2 or more hours of sun exposure after the first 30-minute
erposure. and the reaction after repeated exposu.es (see questions 10-12 on
pege 71 df the questionnaire provided in Appendix B). Since these three
responses are highly correlated, a composite sun-reaction variable for use in
the adjusted anaiysis, called the sun-reaction index, was constzucted firom
the last two questiong (2-hour anl repeanted exposure reactions) after
cxamiration of the asscciation between basal cell carcinoma incidence and the
three skin reaction variables. The sun-reaction index had three categories.
The first category corresponded to the most sensitive reaction on the last
tvo questions, the second ~z:agory corresponded to the next less sensitive
reaction on these two questions, and the third category comprised thea
remaining respenses.

Detailed guestiornairc information on exposure to asbesto., nonmedical
x ravs, industrial —hemicals, herbicides, insecticides, and degreasing
ch¢ :als was obtained from each participant. Self-reported information on
erposure to 15 individual carcinogens was obtained'at the physical examina-
tion. A comporite carcinogen exposure variable was constructed from these
responses on ‘ndividual carcincgens: A participant had a positive score for
this variabl: if he .eported erposure tc one or more of the 15 carcinogens,
othervise he had a negc.ive score. Seli-reported information on ashestos and
radiatica expusure ves not used because this information was obtained in mere
detail from the guestionuaire.

“he nonhlack Ranch dands differed significantly from the nonblack
Comparisons in their exposure (yes/no) to nonmedical x rays (19.3% versus
25.6%, p<0..01). They also differed significantly from the Comparisons in
their erposure.to herbicides (94,1% versus 29.8%, p<0.001) and insecticildes
(70.2X versus 53.1%, p<0.001), possibly veflecting Vietnam experience. These
variables were pnt used in the adjusted analysis. Further, there were
significant or margina ly significant group differences in the self-reported
exposures toc gsaveral individuval carcinogers, in each instance relatively more
inonblack) Panrh Han.s than Comparisons reported exposure: arsenic {2.7%
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versus 1.2%, p=0.016), naphthylamine (3.3X versus 1.7X, p=0.024), cutting
oils (12.7% vacsus 8.7%, p=0.003), benzenc {4.3% versus 2.7%, p=0.036), and
benzidine (0.8% versus 0.3X, p=0.070). Results were similar vhen Blacks vere
inclvded in the snalysis.

Covariate Asgoclations

Tat ‘e 10-6 gives a summary of the chi-square tests of assocliation
between 211 covariates and the inciAdence of basal cell carcinomas and sun
exposure-related malignancies. Uetails of these tests of association are
provided in Appendix H, Table H-13.

There was a significant increase in the incidence rate of verifiad basal
cell carcinomas with increasing age (p=.001). There was a s'gnificant
difference in the incidence rate of basal cell carcinomas among occupation
groups, vith enlisted groundcrevw havsing a lower iucidence rate (1.8X%) than
officers (3.7%) and enlisted flyers (3.1%) (p=0.047). Since officers are, oa
the average, 5 years older th . enlisted participants, this occupetion effect
may be due to some confounding with age. There was a higher incidence rate
for average lifetime residential latitude less than 37° N versus greater than
or equal to 37° N latitude (p-0.008). Furthermore, there was a strong
difference for different levels of the sun-reaction index (p<0.001), and tire
three skin-reaction-to-sun variables (p<0.001 for all). Participants who
tended to burn most had a lover rate (1.4X) than those with a milder r=action
(6.0%), and a similar rate to those who tended to tan (1.9%) (an unexpected
finding). There vas a significant relationship between the incidence rate of
basal cell carciaoma and total pack-years of lifetime smoking (p=0.023 for
verifieds). This effect may also be due to confounding with age rather than
to a primary smoking effect (see Table E-5 of Appendix H). No significant
association was found between the incidence rate of verified basal cell
carcinoma and lifetime drink.-years.

No significant associations were found with ethnic group, skin color,
eye color, and hair color. However, when the ethnic group categories were
dichotomized as Celtic or English versus other ethnic groups, the association
vas marginally significant (p=0.093). Skin color was dichotomized as dark
peach or light peach versus other colors, and the association was significant
(Est. RR: 3.00, 95X C.I.: [1.08,8.33], p=0.024). Hair color was dichotomized
as blond or red versus other colors. Tire associatior of hair color with
basal cell carcinoma incidence was not significant (p«0.384). Furthermore,
no significant relationship was found between basal cell carcinoma incidence
and the composite carcinogen-exposure variable (p=0.523) or the grouped or
individual carcinogens.

" The associations between the covariates and the incidence of verilied
plus suspected basal cu¢ll carcinomas paralleled those for the verified basal
cell carcinomas only, except that the difference in rates among ethnic groups
was significant (p=0.046), hair color was significant (p=0.040), and a
marginally significant positive relationship was found with nonmedical x-ray
exposure (p=0.084) and herbicide. exposure (p=0.072). The difference among
occupation groups, however, was more significant (p=0.003).
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TABLE 10-6.

Susmary of Associations Betwveen Incidence Rates
of Basal Cell Carcinoma and Sun Exposure-Related Ckirn Mzlignancies
and the Covariates, in the Baseline-Followvup Interval
for Coembined Followup Ranch Hand and Comparison Nonblack Participants

Sun Bxposure-Related

Basal Cell Carcinoma Skin Mali cies
Verified & ~ Ver
Verified Suspected Verified §g§ss§£gg
Covariate p-Value p-Valuc  p-Value p-Value
Age 0.001 <0.001 0.004 <0.001
Occupation 0.047 0.003 NS* 0.006
Lifetime Cigarette Smoking 0.023 0.005 0.012 0.007
Lifetime Alcohol Consumption NS NS NS NS
Ethnic Background NS 0.046 NS  0.036
Skin Color NS** NS NS NG**
Hair Color NS 0.040 NS NS*
Eye Color NS NS NS NS
Reaction of Skin to Sun
Bxposure:
(Q.1) After fizst 30 minutes 0.001 <0.001 <0.001 <0.001
of summer sun
(Q.2) After >2 hours, after <0.001 0.027 0.001 0.016
first exposure :
(Q.3) After repeated sun <0.001 0.001 <0.001 <0.0G1
exposures
Sun-Reaction Index (Composite) <0.001 <0.001 <0.n01 <0.001
Residential History 0.008 0.004 0.011 0.002
(Average Latitude)
Bxposure to Carcinogens/Groups
of Carcinogens
Set 1*
Ashastos NS NS NS NS
Noa-medical X Rays NS NS* NS NS
Industrial Chemicals NS NS NS NS
Herbicides NS NS* NS NS
Insecticides NS NS NS NS
Degreasing Chemicals NS NS NS NS
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- TABLZ 10-6. (continued)

Surnary of Associations Betveen Incidence Rates
of Basal Cell Carcinoma and Sun Ixposure-Relat~d Skir Malignancics
znd the Covariates, iu th= Bas«line-Follownp Interval
for Combined Followvup Ranch Hand and Comgparison Nonblack Farticipenis

Sun Exposure-Related

Bagsal Cell Carcinoma Skin Malignancies
Verified & erifled &
Verified Suscpacted Verified Susgpected
Covariate p-Value p-Value p-Jalue p-Value
set 2°

Anthracene NS kS NS NS
Arsenic NS NS NS NS
Benzene NS NS NS NS
Benzidene NS NS NS NS
Chromates NS NS NS NS
Coal Tar NS NS NS NS
Creosote NS ° NS . NS NS
Aminodiphenyl NS NS NS NS
Chloromethyl Ether NS NS NS NS
Mustard Gas NS NS NS NS
Naphthylamine NS NS NS NS
Cutting Oils . NS NS NS NS
Trichloroethylene NS NS NS NS
Ultraviclet Light (not sum) NS NS NS NS
Vinyl Chloride NS NS NS NS
Composite Carcinogen Exposure NS NS NS NS

NS: Not significant (p<0.10).

NS*: Borderline significant (0.05<p<.010).

**Not significant when five categories of skin color examined;. however, when
dichotomized, p=0.024 for verified basal cell carcinoma and p=0.036 for
verified and suspected sun exposure-related skin malignancies.

*Questionnaire data.

®AFHS Form 2.
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As expected, the relationships betveen the incidence of verified sun
exposure-related skin malignancies and the covariates were similar to thoce
just described for basal cell carcinomas (Table 10-6 and Table H-4 of
Appendix H). For verified conditions, there was a strcng increase in
incidence rate with age (p~0.004;, total lifetime smoking (p=0.012), average
1ifetime rasidentisl latitude (p=~0.01l1), the reaction-to-sun exposura vari-
ables (p<.001 for all), and the sun-reaction inder (p<0.001), with similar
strong associationa for the verified plus suspected conditions. The
difference among occupation groups vas marginally significant (p=0.077) for
verified conditions; this difference was significant (p=0.006) for verified
plus suspected sun exposure-related skin malignancies (officers 5.9%,
enlisted flyers 4.2Y, enlisted groundcrew 2.8%X). There wvas no association
with the composite carcinogen-exposure variable, either for verified
(p=0.879) or for verified plus suspected conditions (p=0.608).

Tabtle 10-6 shows no significant assaciation betveen the incidence rate
of verified sun exposure-related skin malignancies and ethnic group, hair
color, skin color, or eye color. VWhen susrected conditions were included,
the ethnic group association wvas significant (p=0.036), and the association
with hair color became borderline significant (p=0.051). There were higher
incidence rates among those of Celtic or English background as opposed to
other ethnic backgrounds, and among participants with blond or red hair as
opposed to other colors (see Table H-4 of Appendix H). As in the analysis of
basal cell carcinomas, the ethnic group, hair color, and skin color
categories were collapsed, resulting in (for verified conditions): p=0.054
for those of Celtic or English backgrounds versus other ethnic backgrouncs
(Est. RR: 2.04, 95% C.I.: [1.00,4.17]) and p=0.031 for skin color peach
versus not-peach (Bst. RR: 2.61, 95% C.I.: [1.04,6.58]), but no significant
associatéon vith hair color grouped as blond or red versus other (p=0.268)
vas found.

Adjusted Analyses

Because of the obvicus interrelatedness among the host factors of hair
color, skin colorz, eye color, ethnic background, and reaction of skin to sum,
and beceuse a smaller set of covariates was required for the adjusted
anzlyses, a "main-effects" statistical model of basal cell carcinoma with the
folloving covariates was used: age, occupation, total pack-years, lifetime
drinking, ethnic background (dichotomized), hair color (blond or red versus
other), eye color, skin color (peach tones versus other), the three
skin-reaction-to-sun variables, average lifetime residential latitude /less
than 37" N versus greaier than or equal to 37° N), and :the composite
carcinogen exposure variable. The results of this analysis are given in
Appendix H, Table H-S. The results showed that ethnic background, hair
color, and the 30-minute skin-reaction-to-sun variable, vhile individually
associated vith basal cell carcinoma incidence, are relatively less important
than the other host factirs, namely skin color, and the 2-hcur and repeated-
exposure skin-reaction-to-sun variables, and were thus not included in the
adjusted analyses. Total drink-years and che composite carcinogen exposure
variable were not significant angd thus were not used in the adjusted
anaiyses. A parallel analysis was conducted in vhich the composite sun-
reaction index replaced all three skin-reaction-to-sun variables, and it was
found that this subst’tution could be made without altering the ralative
contributions of the other covariates. For further reduction of the number
of covariates, pack-years of smoking, although of interest (p=0.096), was
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also omitted. Thus, a reduced set of covariates for further analysis of the
group contrasis was identified as age, occupation, skin color, average
lifetime residential latitude, and the sun-reaction index.

The results of adjusted analyses of group contrasts in the incidence
rate of basal cell carcinoma and sun exposure-related skin malignancies are
presented in Table 10-7. Parallel results for Ranch Hands contrasted vith
the Original Comparisons are given in Appendix H, Table H-6. A significant
group-by-occupation interaction was found for verified interval basal cell
carcinoma (p=0.044). Significant covariates vere age (p=0.003), average
residential latitude (p=0.003) and the sun-reaction index (p<0.001). The
interaction was due to a significant difference in rates for enlisted flye:s
but not for officers or enlisted groundcrev: Ranch Hand enlisted flyers had
a significantly (p=0.019) greater incidence rate of basal cell carcinomas
than the corcesponding Comparisons, 5.4 percent versus 1.0 percent (Adj.

RR: 6.50, 95X C.I.: [1.36,31.01]) (see Appendix H, Table H-7).

There vas a significant group-by-sun-reaction index interaction in the
analysis of verified plus suspected basal cell carcinomas (p=0.024); this wvas
in part attributable to the absence of Ranch Hands who reported burning
easily. The group frequencies for the three levels of this variable (burn
easily, intermediste reaction, tan easily) vere: Ranch Hands 0 (0X), 17
(8.9%), and 19 (2.7X), respectively, and Comparisons 4 (5.2%), 15 (5.7%), and
28 (3.2X), respectively. The incidence rate for Ranch Hands who had a
moderate reaction to sun was (nonsignificantly) greater than that of the
Comparisons. The details of this interaction are given in Appendix H,

Table H-7. A skin color-by-age interaction (p=0.044) and average latitude
(p=0.003) made significant contributions to the model.

Results of the analyses for Original Comparisons vere nonsignificant for
verified conditions, although a marginally significant group-by-sun reaction
interaction was found (p=0.051). The results for verified plus suspected
conditions revealed a significant group-by-sun reaction index interaction
(p=0.007) (see Table H-6 of Appendix H). Ranch Hands vho had a moderate skin
ceaction to sun revealed a significantly greater incidence rate of verified
basal cell neoplasms than corresponding Original Comparisons (Adj. RR: 2.81,
95X C.I.: [1.05,7.55], p=0.040) (Table H-8). This finding wvas marginally
significant with the inclusion of suspected carcinomas (Adj RR: 2.38, 95%

[0.98,5.76], p=0.055).

The adjusted relative risk for the incidence rate of verified sun
exposure-related skin malignancies was 1.37 (95% C.I.: [0.83,2.28]) and wvas
not significant (p=0.221) (Table 10-7). Age (p<0.001), the sun-reaction
index (p<0.001), and average lifetime residential latitude (p=0.008) con-
iributed to the adjustment. No group difference was apparent vhen suspected
malignancies vere included. The adjusted relative risk was 1.05 (95% C.I.:
[0.68,1.62], p=0.825), and the significant covariates vere a skin color-by-
sun-reaction index interaction (p=0.028), a skin color-by-age interaction
(p=0.028), and & skin color-by-regidential latitude interaction (p=0.041).
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‘I’ TABLE 10-7.

Adjusted Analyses of Nonblack Followup Participants for Malignant
Skin Neoplasm Incidence During the Baseline-Fcllowup Interval

Adj. Relative

Variable Status Risk (95X C.I.) p-Yale Covariate Remarks*
Basal Cell . Verified *edekk dokkk AGR (p=C.003)
Carcinoma LAT (p=0.003)
SUNRBAC (p<0.001)
GRP*OCC (p=0.044)
Verified & *Hkk Rk LAT (p=C.003)
Suspected GRP*SUNREAC {p=0.024)
SKIN*AGE (p=0.044)
Sun-Exposure Verified 1.37 (0.83,2.28) 0.221 AGE (p<0.001)
Malignant SUNREAC (p<0.001)
Skin Neoplasms LAT (p=0.008)
Verified & 1.05 (0.68,1.62) 0.825 SKIN*SUNREAC (p~0.028)

Suspected

SKIN*AGE (p=0.028)
SKINALAT (p=0.041)

*Abbreviations:

LAT: average lifetime residential latitude
SUNREAC: sun reaction index

GRP: group

0CC: occupation

SKIN: skin color

****Group-by-covariate interaction--adjusted relative risk, confidence interval,

and p-value not presented.

10-23




Analvsis of the Ranch Hands versus Original Comparisons contrasts found
¢ significant group-by-skin culor interaction for verified sun expisure-
related malignancies (p=0.036), and a significant group-by-sun reacticn index
interaczion (p~G.0390), similar to that found fnor basal cell carcinoma, fur il
the verified plus suspected malignant necplesms (see ippendix H, Tables H-6
and {I-&, for details). The group-by-ski color interection vas due to a
lover incidence -are for uonpeach Ranch Eands thar Original Comparisons (Adj.
RR: 0.20, 95X C.I.: [0.02,1.80}, p=0.150), but a higher incidence rate for
peach toned Ranch Hands than Original Comparisons (Adj. RR: 1.70, 95% C.I.:
10.95,3.04], p~0.073). The group-by-sun reaction index interaction (verified
and sugpevted; was agair due tv Ranch Eunds vho react moderately to the sun
having a higher incidence rats than similar Original Comparisons (Adj. RR:
2.74, 95X C.I.: [1.14,6.62], p=0.025). !

Interval Systemic Neoplasus

As shown in Table 10-1, eight Ranch Hands (0.8X) and seven Comparisons
(0.5X7 had verified malignant systemic neoplasms in the interval between the
Beseline and fnllowup examinations. Vhen suspected malignant systamic neo-
plasms vere included, the numbers were 12 Ranch Hands (1.2X) and 12 Compar-
iscus (0.9%). The proportions of malignancics among the systemic neoplasms
of all types (malignant, benign, uncertain) vere similar in the two groups:
14.5 percent (8/55) for Rsnch Hands and 11.5 perzent (7/61) for Comparisons
(p=0.783). Inclusion of suspected conditions did not change the conclusisn
from this contrast: 18.5 percent (12/65) Ranch Hands versus 15.0 percent
(12/80) Comparisons (p=0.656).

For the remainder of this section, only maiignant (verified and i
suspected) systemic neoplasms occurring in the Barel’ne to followup interval
are anzlyzed. These occurrences vere distinct from those reported at Base-
line. MNo nev metastatic systemic neoplasms wvere reported in ithe interval.

Interval K~lignant Systemic Neonlasms

Table 10-8 shows the sites of the nevw malignant neoplasms reported by
the eight Ranch Hands and seven Comparisons. Classification of malignancies
was based on ICD-$ with specia coding for tumor type as well as site, thus
avoiding problems of underreporting of STS. Six Ranch Hands and five Com-
parisons had suspected systemic neoplasms in this interval (Table 10-9),
making a total of 12 in each group, since 2 Ranch Hands with verified
systemic neoplasms also had suspected systemic neoplasms. The frequencies
were too small for indepth analysis of individual sites. Table 10-8 shows
that tvo Ranch Rands had malignant neoplasms of the oral cavity and pharynx
versus no Comparisons, and three Comparisons but no Rainch Hands had malignant
neoplasws of the colon. For all digestive system malignancies (esophagus
plus colon), there were four occurrences among Ccmpariscns but none among
Ranch Hands. The analyses that follow are based on the combination of all
interval melignant systemic neoplasms regardless of specific site, both
verified and verified plus suspected.

Table H-9 of Appendix H lists the malignan~y sites for the eignt Ranch
Hands and the six Original Comparisons in the Baseline-focllowup interval. ;
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@I’ TABLE 10-8.
Summary of Pollowvup Participants vith Verified Malignant
Systemic Neoplasms in Baseline-Followvup Interval by Group
Group
Site Ranch Hand Comparison Total
Oral Cavity and Pharynx 2P 0 2
Thyroid Gland 0 1 1
Bsophagus 0 1° 1
Bronchus and Lung 1 0 1
Colon 0 3% 3
Kidney and Bladder 2 1 3
Prostate 1 1 2
Testicles 1 0 1
@  neHaae ot 1 o 1
| Total 8 7 15

1 *Includes one Ranch Hand with separate malignancies of tongue and epiglottis
‘ and also malignant neoplasm of bone.

®Includes one Rench Hand with separate malignent neoplasms of tongue and
oroprarynx and secondary malignant neoplasm of other site.

°Also has malignant neoplasm of bone.

“Includes one Comparison with secondary malignant neoplasms of liver and bone
and bone marrow.

‘Includes one Comparison with secondary malignant neoplasm of liver.
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TABLR 10-S.

Summary of Followup Participants vith Suspected #Halignant
Systemic Neoplasms at Physical Examination by Group

Group
Site Ranch Hand Comparison Total

Bronchus and Lung AP 2 6
Rectum 0 1 1
Liver 1° ] 1
Prostate 0 1 1
Lymphatic and q

Hematopoietic Tissue 1 0 1
Unspecified Site 0 1 1

Total 6 5 11

*Tncludes one Ranch Hand vith a suspected maglignant neoplasm
mediastinum, esophagus, or ill-defined site vithin digestive

peritoneun.

PIncludes one Ranch Hand vith a suspected secondary malignant
lung. :
°Not specified as primary or secondary.

dSuspected.as either Hodgkins disease, leukemia, or lymphoma.
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There is nc parallel table for suspecied malignant systemic neoplasms since
the five Comparisons vith suspected ¢ nditions in Table 10-9 are Original
Comparisons.

Unadjusted Analyses

A5 shown in Table 19-10, the unadjusted group contrast tor all verified
malignant systemic neoplasms vas not significant (p=0.6C3), vith an estimated
relative risk of 1.46 (95X C.I.: [0.53,4.03])). WVhen suspected malignant
nevplasms were included with the verified malignancies, the estimated
relative risk was 1.28 (95X C.I.: [0.57,2.85]), and wvas alsc not significant
‘p=0.68C). A parallel unadjusted anelysis for Ranch Hands versus Qviginal
Comparisons yave similar nongignificant results (Appendix Table H-10).

Covariates

The covariates considered for the adjusted analysis of all interval
zalignant systemlc neoplasms combined were age, race, occupation, smoking and
drinking history, exposure to the groups of carcinogens, exposure to the
irdividnal carcinogens, and the composite carcinogen exposure variable as
listed in Tadle 10-5. The categories used for age, pack-years, and Jrink-
years vere the same. Age vas used zs a continuous variable in the adjusted
analyses but was categorized for =ase of presentation in the report. No
Blacks hal veriried systemic neoplasas, but in contrast t¢ the skin cancer
~nalysis, Blacks were retained in the analysis.

Covariate Associations

Table 10-11 summarizes the results of chi-square _.ests of association
betveen the incidence rate of all malignant systemic neoplasas combined and
the covariates considered for use in the adjusted analyses. Details of the
covariate relationships are given in Appendix H, Table B-11.

There vas a significant increase in the incidence rate of all verified
interval malignant systemic neoplasms with increasing age (p<0.001) and a
maxginally significant difference among occupations (p=0.056). The incidence
rates for officers, enlisted flyers, and enlisted groundorev vere 1.2 per-
cent, 0.5 percent, and 0.3 percent, respectively. There was a marginally
significant association with total lifetime alcohol consumption (p=0.082).
The test for differences in incidence rates among pack-year levels of smoking
vas not significant (p=0.220), although an increasing trend was apparent.
Some of the occupation effect may be attributable to confounding with age.

There vas a significant negative association wvith insecticide exposure
for verified malignant systemic neoplasms (p=0.014). Table B-11 of Appendix
B shovs that there vere a fev significant or marginaily significant positive
associations with individual carcinogens: e.g., vith naphthylamine
(p=0.050), benzidine (p=0.088), and coal tar (p=0.079). However, in many
instances the self-reported exposure frequencies were very small.
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TANER 10-10.

Unadjustad Analyses of Mollowp Perticipmts vith Verified and
Suspected Malignent Qystemic Neoplasss in the Beseline-Folloap Interval by Group
Est. Relative
Status Statistic fonch Band Risk (9X C.I.) p-Value

Verified Number of 8 0.8 7 0.5X 1.46 (0.53,4.03) 0.603
Partic!pants/X
Total Neoplasms 12 10

Verified & Suspected Number of 2 1. 12 09X 1.28 (0.57,2.85) 0.680
Participants/X
Total Neoplasms 23 16




‘ TADLE 10-11.

Sumsary of Associations Between Incidence Rates of All Malignant
Systemic Necplasms Cocbined and the Covariates in the
Baseline-Followup Interval for Combined Fcliowup
Ranch Hand and Comparison Groups

Covariate ;fvrifﬁl:d m%&iﬁsl:s scted
Age <0.001 0.001
kace NS NS
Occupation ' NS* NS
Lifetime Cigarette Smoking NS NS
Lifetime Alcohol Consumption NS* NS

Bxposure ¢ Carcinogens/Groups
of Carcinogens:

Set 1*
Asbestos NS NS
Non-medical X Rays NS 0.049
° Industrial ZThemicals NS NS
Horbicides NS ) NS
Insectlicides 0.014 NS*
Deggetsing Chemicals NS s
Set 2 :
Anthracene NS NS
Arsenic NS NS*
Benzene NS NS
Benzidene NS* NS
Chromates NS NS
Coal Tar NS* . NS
Creosotea NS . NS
Aminodiphenyl NS NS*
Chlorcmethyl Ether NS 0.023
Mustacd Gas NS NS#*
Naphthylamine 0.050 0.019
Cutting Oils NS NS
Trichloroethylene NS NS
Ultraviolet Light (not sun) NS NS
Vinyl Chloride NS NS

Composite Carcinogen Exposure NS NS

NS*: Borderline significant (0.05<p<€0.10).
NS: Not significant (p>0.10)
‘ *Questionnaire data.
- ®AFES Form 2.
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The covariate associations tor verified plus suspected malignant
gsystemic neoplasms vere similar to those for verified only. The assnciation
vith occupation vas no longer significant (p=0.193), and there was a signif-
icent positive association with nonmedical x-ray exposure (p=0.049). There
vere some significant and marginally significant positive associations with
individual carcinogens: with naphthylamine (p=0.019), chloromethyl ether
(p=0.023), arsenic (p=0.069), mustard gas (p=0.090), and aminodiphenyl
(p=0.061) (see Appendix R, Table H-11).

The covariates used for the adjusted group contrast of the incidence
rate of all malignant sysicemic neoplasms were race, age (continuous),
occupation, and pack-years.

Adjusted Analyses

The adjusted relative risks for all verified and verified plus suspected
malignant systemic neoplasms are presented in Table 10-12. For verified
malignant systemic neoplasms, there was no significant difference betveen
groups (Adj. RR: 1.51, 95X C.I.: [0.54,4.22], p=0.434). Age made a signif-
icent contribution to the adjustment (p<0.001). Parallel results for Ranch
Hands contrasted with Original Comparisons are given in Table H-12 of
Appendix H.

A significant group-by-occupation interaction was found in the adjusted
analysis of verified plus suspected malignant systemic neoplasms (p=0.027).
This vas due to significantly more cases of malignant systemic neoplasms
among Ranch Hand enlisted flyers than among corresponding Comparisons (4/175
[2 verified, 2 suspected] versus 0/209, Fisher’s exact test=0.042), whereas
the inciderce rate for officers was lower (but not significantly) for Ranch
Hands than for the corresponding Comparisons, and equivalent for the enlisted
groundcrev (see Table H-13 of Appendix H). Age (p<0.00l1) and a race-by-pack-
year interaction (p=0.035) made significant contributions to the adjustment.
Comparable results vere found for the contrast of Ranch Hands with the
Original Comparisons (see Tables H-12 and H-14 of Appendix H).

Lifetime (Baseline and Interval)

Data from the Baseline and followup examinations were merged to obtain
records of the lifetime history of neoplasa incidence for those followup
participants vho participated at Baseline. New participants provided life-
time information at the followup examination. Neoplasms prior to service in
Southeast Asia were excluded from all analyses. All data from the Baseline
study have been verified, but as described in the previous section, the
status of some suspected interval neoplarms remains unclear, and thus both
v:rified gnd verified plus suspected neoplasms are described and analyzed in
this gection.

Table 10-13 shows tkat 21.3 percent (216/?,016) of Ranch Hands and
16.2 percent (209/1,293) of Comparisons had skin or systemic neoplasms of
some type (malignant, benign, and uncertain). The group difference In
incidence rates was significant (p=0.002), with an estimated relative risk of
1.40 (95X C.I.: [1.13,1.73]). Uhen suspected neoplasms were included, the
contrast vas less marked (22.7X% [231] of Rench Hands versus 19.3% [249] of
Comparisons) but still statistically significant (p=0.044), witn an evstimated
relative risk of 1.23 (95X C.I.: [1.01,1.51}).
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TABLER 10-12.
Mjusted Analyses of Followup rarticipants for the

Incidence of Al)l Malignant Systemic Neoplasms During the
Baseline-Followp Interval

Adj. Relative

Variable Risk (95X C.I.) p-Value Covariate Remarks
Malignant Systemic 1.51 (0.54,4.22) 0.434 AGZ (p<0.001)
Neoplasas
(Verified)

Malignant Svstemic *ekdeok ek GRP*OCC (p=0.027)
Neoplasas ' AGE (p<0.001)
(Verified & Suspected) RACE*PACKYR (p=0.035)

***2Group-by-covariate interaction--adjusted relativc risk, confidence
interval, and p-value not presented.
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TAHR 10-13.

Uhadjisted Analyses of Followp Participmnts vith Lifetime
Wmmofv:lﬁdun&mcwlﬁmh—lv&up

(Nanhlacks and B
Gm!*
Ranch Hand Compar-ison
Neoplasm Behavior
Site ad Status Number** Percent Number** Percant Total®* p-Valuestik
Skin Malignent
Verified 66 6.5 66 5.1 12 0.175
Verified and Suspected 75 1.4 8.6 160 0.458
Benign
Verified 84 8.3 » 6.1 163  0.049
Verified and Sucpected 86 = 8.5 85 6.6 m 0.093
Uncertain Behavior '
and Unspecified
Nature:
Verified i 0.1 1 0.1 2 0.99
Verified and Suspected 1 0.1 1 0.1 2  0.99
Ay Skin Neoplasm'
Verified 150 14.8 140 10.8 290 0.005
Verified and Suspected 159 15.7 165 12.8 26 0.053
Systemic Malignant
Verified 17 1.7 17 1.3 ¥» CMm
Verified and Suspected 21 2.1 2 1.7 4 0.5%
Benign .
Verified 51 5.0 64 5.0 115 0.999
Verified and Suspected 57 5.6 ) 5.8 12 0.8%7
Uncertain Belavior
and Unspecified
Nature:
Verified 15 1.5 14 1.1 29 0.453
Verified and Suspected 15 1.5 18 1.4 13 0.862
Ay Systemic Naophab
Verified a 8.0 87 6.7 168 0.2%
Verified and Suspected 91 9.0 106 8.7 197 0.548
A]-]. hlmt’ m’
, Uncertain Behavior,
Unspecified Nature
Verified 216 2.3 209 16.2 425 0.002
Verified and Suspected 231 2.7 249 19.3 480 0.044

*Semple sizes: 1,016 Ranch Hands, 1,293 Comparisons.
Number of pacticipents.
***Fisher S exact test.

Pertidpmt has one or more maljgnant, benign, or mspaciﬁed si.in neoplasm.

Partidpmt has one or more mligmt, benign, or unspecified systemic
Participant has ne cr more malignant or benign skin or systemic reoplasm.
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Table H-15 of Appendix H is parallel to Table 10-13 for Ranch Hands and
Original Comparisons only.

Lifetime Skin Neoplasms

As seen in Table 10-13, 69.4 percent (150/216) of Ranch Hands vith
neoplasms had skin cancor; the corresponding percentage for Cowmparisons vas
67.0 percent (140/209). The group difference in these proportions was not
significant (p=0.604). This contrast, vhen suspected neoplasms vere
included, vas 68.8 percent (159/231) versus 66.3 percent (165/249), vhich
again vas not significent (p=0.560).

The overall percentage of Black and nonblack Ranch Bands vith verified
lifetima skin neoplasms of any type vas 14.8 percent (150/1,016), versus
10.8 percent (140/1,293) for Comparisons. No Black followup participants had
ever had skin neoplasms, nor did any Baseline Black participants. :The over-
all percentage of nonblack Ranch Hands vith skin neoplasms of any type vas
15.7 percent (150/956) and vas significantly (p=0.006) greater than that of
the Comparisons vith 11.6 percent (140/1,210). The estimated relative risk
ves 1.42 95X C.X.: [1.i1,1.82]). Vhen both verified and suspected neoplasms
vere in the analysis, the contrast vas marginally significant (p=0.060):
Rench Honds 16.6 percent (159/956) versus Comparisons vith 13.6 percent

Jor the remainder of this subsection, only malignant skin neoplasms are
examined. PFurthermore, the analysis vas restricted to nonblacks.

The dependent variables examined vere the same as those of the previcus

section (bazal cell carcinoma, melanori, squamous cell carcinoma, all malig-
nant skin neoplasas combined and sun exposure-related skin malignancies).

Lifetime Malignant Skin Nenplasms

Tabie 10-14 praseats the unadjusted analyses of the frequencies of
nonblack participants in each group vith lifetime occurrences of basal cell
cercinoma, squamous cell carcinoma, mclanoms, all asalignant skin neoplasms,
and the sun exposure-related skin malignancies. For completeness, the total
number of malignancies of each type is also given. Table B-16 of Appendix H
presents parallel analyses for Ranch Hands and Original Corparisons.

Untdjusted Analyses

There vas a higher relative frequency (5.5%) of Ranch Bands who had
basal cell carcinomas than of Compa:isons (4.1%), but the difference vas not
significant (p=0.128). The estimated relative risk was 1.36 (95X C.I.:
[0.92,2.02]). Wvith the inclusion of suspected basal cell carcinoma, the
estimated relative riak vas also not significant (p-0.579).

0f the 53 Ranch Hands with verified basal cell carcinomas, 17 (32.1%)
had 2 or more occurrences. The corresponding number for the Comparisons wvas
14/50 (28.0X). The group contrast of the percentages with multiple basal
cell carcinromas versus no basal cell carcinomas was not significant (17/920
versus 14/1,174, p=0.274), nor. vas the corresponding contrast vhen suspected
basal cell carcinomas vere included (19/916 versus 16/1,159, p=0.234).
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The frequencies of participants who had squamous cell carcinoma were
very small: 4 Ranch Bands (0.4X) and 6 Comparisons (0.5%). The estimated
relative risk vas 0.84 (95% C.I.: [0.24,3.00]), and the contrast vas far from
significant (p=0.999). Inclusion of suspected squamous ceil carcinoma did
not change this finding.

The frequency of Ranch Hands vho had melanoma, 5 (0.5X), was slightly
greater than that of the Comparisons, 5 (0.4X), but the contrast was not
significant (p=0.757); the estimated relative risk was 1.27 (95X C.I.:
[0.37,4.39]). 1Inclusion of suspected melanon» inverted the relative risk to
0.79, vhich vas again not significant. This analysis had little power due to
small frequencies.

For sun exposure-related skin malignancies, there was a higher percent-
age of Ranch Hands than Comparisons (6.2X versus 4.6X), but the contrast was
only of borderline significance (p=0.100); the estimated relative risk was
1.38 (95% C.I.: [0.95,2.02]). Vhen suspected sun exposure-related skin
malignancies were included, the group difference was not significant
(p=0.537), with estimated relative risk 1.12 (95X C.I.: [0.79,1.58}).

As in the'previous section, adjusted analyses vere only carried out for
basal cell carcinoma and the sun exposure-related skin malignancies.

Covariates

The same covariates as for the interval analysis (Table 10-5) were
cons’1ered for the adjusted analysis of the lifetime incidence rates of basal
cell carcinoma and sun exposure-related skin malignancies: age, occupation,
history of cigarette smoking and alcohol consumption, the same host factors
and average latitude, and exposure to the same recognized carcinogens. The
covariates used for the adjusted analyses were the same as in the interval
analysis, namely age, occupation, sun reaction index, average lifetime
residential latitude, and skin color.

Covariate Associations

Table 10-15 presents ¢ tails of the associations between the incidence
rate of basal cell carcinoma and the folloving covariates: age; occupation;
pack-years of smoking, lifetime drink-years; ethnic background, hair color,
skin color, eye color; skin-reaction-to-sun variables, sun-reaction index;
average residential latitude, and exposure to individual carcinogans and
groups of carcinogens.

For t%e incidence of verified basal cell carcinoma, the same asso-
ciations vere found as in the interval analysis, namely, an increasing
incidence rate with increasing age (p<0.001), c significant difference among
occupations (p=0.017; officors 6.4X, enlisted flyers 4.2%, enlistaed ground-
crev 3.6X), and significant associations with average lifetime residential
latitude (p=0.026), all the skin-reaction-to-sun variables (p<0.001 for all),
the sun-reaction index (p<C.001), and increasing total pack-years (p=0.024).
There vas evidence of a higher incidence rate of basal cell carcinomas among
the heavy drinkers, although the test for the difference among drinking
categories was not significant.
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Thare vas a significant (p<0.(C1) association vith the suii-reaction
index. Participanta vith the most sensitive skin had a somevhat lover rate
(6.9X) of verified basal cell zarcinome lifetime than the participunts in the
next most sensitive category (9.0X), although the difference vas not as
macked as in the Baseline-followvup interval. Hovever, the rate for thosa vho
tanned easily was much lowver (3.3X) than for those vho did not. A marginally
significant positive association vas found vith self-reported exposure to
non-sun ultraviolet light (p«0.053).

The results vere zimilar for the verified plus suspected basal cell
carcinomas. There vas a significant (p=0.016) difference among ethnic back-
grounds, vith perticipants vith Celtic or English backgrounds having higher
incidence rates than those vith other backgrounds. Purther, there vere
marginally significant positive associations in incidence rates vith non-
medical x-ray exposure (p=0.080) and arsenic (p=0.084), a rz-ognized skin
carcinogen, but the association vith ultraviolet light vas aot zignificant.

The details of aisociations betveen the incidence rates of vaearified and
suspected sun exposvce-related skin malignancies and the covariates are given
in Appendix H, Table H-17. The significant covariates for verified condi-
tions vere age (p<(.001), cccupation (p=0.009), total pack-years (p«0.021),
sverage latitiade (p=0.026), and sun-reaction index (p<0.001). The same
pattern held for verified plus suspected sun exposure-related skin malig-
nancies. There vas a marginally significant positive association vith
ultraviolet light exposure (p=0.078) for the verified conditions only, and
vith herbicide exposure (p=0.076) for the verified plus suspected conditions.

The covariates chosen for the adjusted analysis vere age, occupation,
skin color. aversge lifetime residential latitude and the sun-reaction index.

Adjusted Analysis

The results of adjusted analyses of group contrasts for lifetime skin
salignancies are given in Table 10-16. There vas significant evidence of a
higher incidence rate of verified baszl cell cercinoma in the Ranch Hand
group as contrasted vith the Compariscns (p=0.035). Ths adjusted relative
risk vas 1.56¢ (95X C.I.: [1.03,2.37]). A sun-reaction index-by-average
latitude interaction (p=0.926), a skin color-by-sun-reaction index inter-
action (p<C.001), and an occupation-by-age interaction (p=0.047) made signif-
icant contributions to the model. The adjustment by average residential
latitude, vhich is greater for Ranch Hands than Comparisons, contributed to a
higher relative risk resulting from the adjusted analysis than from the
unadjusted (see Table 10-i4). Vhen suspected baxal cell carcinomas vere
included in the analysis, a significant group-by-sun-reaction index
interuction (p=0.040) vas found. Age (p<0.001), a skin color-by-average
residential latitude (p=0.024), and a skin color-by-sun-reaction index
interaction (p<0.001) made significant contributions to the adjustment. This
vas due to a significant increase in basal cell carcinoma incidence for Ranch
Hands vith an intermediate skin reaction to sun over similar Comparisons
(Adj. RR: 1.97, 95X C.I.: [1.04,3.73], p=0.038) (Appendix H, Table H-18).

Similar results vera found in the contrast of Ranch Hand versus Original
Compariscns (Table H-19). Namely, for verified basal cell carcinoma, and for
verified plus suspected basal cell carcinomas, significant group-by-sun-
reaction indix interac.ions were found (p=0.010 and p=0.003, respectively
[see Table H-20 for additional details on the interactions}).
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TABLX 10-16.

Adjusted Analyses of Nonblack Followup Partic’pents for
Lifetize Ma)ignant Skin Neoplasw Incidence

Adi. Relative

Variable Status Pisk (95X C.I.) p-Value Covariate Remarks
l
Basal Cell Verified 1.56 (1.03,2.37) 0.035 SKIN#*SIINRBAC (p<0.001) i
Carcinonma OCC*AGE (p=0.047) }
SUNREAC*LAT (p=0.026) 1
Verified & L il Rk AGB (p<0.001)
Suspected GRP*SUNREAC (p=0.040)

SKINYLAT (p=0.024)
SKIN*SUNREAC (P<0.001)

Malignant Verified 1.54 (1.04,2.29) 0.030 AGE (p<0.001}
Sun-Exposure SKIN#LAT (p=0.016)
Skin Nzoplasms SKIN*SUNREAC (p<0.001)

Verified & 1.23 (0.86,1.77) 0.252 AGB (p<0.001)
Suspected SKINALAT {p=0.013)
SKIN*SUNREAC (p<0.001)

*hh*Group-by-covariate interaction--adjusted relative risk, confidence interval,
and p-value not presented.

B\ W
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As shown in Table 10-16, there was a significantly higher incidence rate
of sun exposure-related skin maiignancies among Ranch 3ands as contrasted
with Comparisons (Adj. RR: 1.54, 95% C.X.: [1.04,2.29], p=0.030). Signif-
icent contributions vere noted for age (p<0.001), a skin color-by-sun.-
reaction index interaction (p<0.001), and an average latitude-by-skin color
interaction (p=0.0i6). VWh.n suspected sun exposure-related skin malig-
rancies vere included in the snalysis, the adjusted relative risk became 1.23
(95X C.I.: [0.86,1.77]) end "2~ no longer significent (p=0.252). Age
(p<0.001). a skin color-by-sun-reaction index interaction (p<0.001), and
average l»aiitude-by-s..in color interaction (p=0.013) contributed signif-
jcantly to the adjustment. WVhen Ranch Hands vere contrasted to Original
Comparisons, sign!fi ant group-by-sun reactioa index interactions were found
for verified, and verified plus suspected, sun-exposure related skin
neoplasms (p=0.045,p=0.01§, respectively). These interactions were due to
significant relative risks for those participants vith intermediate reactions
of skin to sun, as vas also found for basal cell carcinomas only (see
Appendix Tables H-19 and H-20 for detsiis).

Lifetime Systeamic Neoplasas

Table 10-13 shows that 81 (8.0X) Ranch Hands and 87 (6.7X) Ccmparisons
had a verified history of systemic neoplasms of any type (malignant, benign,
or uncertain). The estimated relative risk wvas 1.20 (95X C.I.: [0.88,1.65}),
and vas not significant (p=0.259). Vith the inclusion of suspected systemic
neoplasms, the frequencies wvere 9.0 percent (91/1,016) for Ranch Bands and
8.2 percent (106/1,293) for Comparisons, vith an estimated relative risk of
1.10 (952 C.I.: [0.82,1.48]), and the contrast wvas slso not significent
(p-0-5‘8).

For Ranch Hands with systemic neoplasas of any type, the percentage vith
malignani neoplasms was 21.0 percent (17/81) and the corresponding rate for
Comparisons wvas 19.5 percent (17/87), a nonsignificant group difference
(p=0.849). Including suspected systemic malignancies, these frequencies wvere
23.1 percent (21/91) for Ranch Hands and 20.8 percent (°2/106) for
Comparisons. Again, the group difference vas not significant (p=0.731).

For the ramainder of this section, only malignant systemic neoplasms sre
discussed.

Lifetime Malignant Systemic Neoplasms

Table 10-17 presents the frequencies of verified lifetime malignant
systemic neoplasms by site. Three Ranch Hands versus no Conparisons had
malignant necolazms of the oral cavity and pharynx; these occurred at ages
45, 52, and 57. The group difference in ircidence rat2 vas margianlly
significant (p=0.085). No Ranch Hands but 5 Comparisons had malignant
neoplasms of the colon; the groun difference in incidence rate vas also
marginally significant (p=0.072). Three Ranch Hands but no Comparisons had
testicular malignancies, but the group difference in incidence rates was onl;
aarginally significant (p=0.085). These occurred at ages 35, 38, and 54.

The suspected ma’ 'nant neoplasms are listed in Table 10-9. Table H-21 of
Appendix H gives ~ list of verified lifetime malignant systemic neoplasus for
Ranch Hands and Vriginal fomparisons.
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TABLR 10-17.

Summary i T21lewyg Participerts With Lifetime
Incidence of Verified Malignant Syscémic Myeplassg by Group

Group
Site Ranch Hand Comparison Total

Eye 1 0 1
Oral Cavity and Pharynx kil 0 3
Larynx 0 1 1
Thyroid Gland 0 2 2
Esophagus 0 1° 1
Bronchus and Lung 2 0 1
Colon 0 54° 5
Kidney and Bladder 4 3 7
Prostate 2 2 4
Testicles 3 0 3

N Connective and Other

& Soft Tissue 1 i 2
Hodgkin’s Disaase 0 1 1

. T11-Defined Sites 1* 1 2
Total ;; ;; ;;

*Includes one Ranch Hand vith separate malignancies of tongue and epiglottis
and also malignant neoplasm of bone.

"Includes one Ranch Band with separate malignant neoplasms of tongue and
oropharynx and secondary malignant neoplasm of other site.

- “Also has melignant neoplasm of bone.

‘Incudes one Comparison wvith secondary malignant neoplasas of liver and bone
and bone marrow.

*Includes one Comparison vith secondary malignant neoplass of liver.
'Halignant neoplasm of thorax.

IMalignant neoplasm of face, head, or neck.
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